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PREFACE 


In llic ]>:i^os ])rrR‘liciilIy llu' raii;^e of 

^iles comes under rev itAV, with tlic ('xceplion of ('('rlain 
hriiiK'lios, sncli as Trimmings, 1 lohii-pipinjj^Hjf 
Tin^s, (*tc. It is hardly to he e\|t(‘cted iIimI siadi a wide 
iield can Ix! satisla.clorily cnverec] hy one writer. Iiowevxa* 
well he may have; been trained and wliatiwer nia\ have 


leen his opjjortunities of l)raclica.l expeihoice and 

insif^dit. Thus, althoii^di I alone a,n) i es))onsihle for the 
)ulk' of the work. s])(‘eia.! ehaph'rs by reecnnisixl aiitlioriti(‘S 


ia.ve. Ix'cn introduced. Ih-ofessor Gardner i.s rc.^p.iiiMhh' lor 
li(‘ elia|)lers on “ The Mcrceiized and Vrtilieial Kihiv.^ and 
I)y('in^r ” ; Mr. K. Snow for tin* eha|)t(*r on ” Silk Throwiim 
nd Spinnin^r- ; Mr. VV. Jl. (look lor llie eliapter on “ The 
lotion Industry”: and Proh‘ssor Hradhury lor tin* chapter 
on “ The Linen Industry.” That tln*se chapters add much to 
the practical value of the tr(*atlse will at once In* conceded. 

The authors hope that this work may jirove of value to 
those who require eMensive ])ut accurate infonm!tion^)ii 
the whole range of tlie Textile Industries; that the 



VI 


1MIKFA(^P. 


technicalities dealt, with in the w'ork will serve well 
practical niiin in his every-day diftieulties ; and hnally t 
'th(‘. student desiring nn all-round knowledge upon wl 
to soundly hnsi; his later si)ecial kno^^ ledge will here 
that which he seeks. 

Am HIED F. IIauke 


The Te(’h\i(’ai. (Nilleoe, Fiiaihoui), 

Fiann \kv KiTii. IhlO. 

PREFACK TO THE REMSED EDTT10^ 

Sen'EHAE l•e|)^intsoi tins work in its originallortn have 
issued. It is now felt hy tlH‘ authors tluit although tin 
little to change in order to bring th(‘ work thoroughly i 
date, yet c<‘rtain additions are calleil lor. and that in sonu 
cas(‘s a. hroad(*r outhH)k inaA’ wadi h(‘ advocatiai. 

With th(‘M‘ a.dditions an<l revisions incorporated, it is h 
that the work niav |)rov(‘ as ac*('i‘ptahle in the future as i 
j»rov(‘d ill th(‘ ])ast. 

Ai.dked F. Bauki 

The T'.mvehsity, Leeds, 

hioVE.MHER 1 st, 11121 . 
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(lllAL^TKU I 

THE TTISTOKY OF THE TEXTILE IXDHSTTHES ; ALSO OF TEXTIl.E 
INVENTION’S AND IN\ENT()I{S 

The aiit]i(!fiti(' liisiory of tlio ioxtile indiisiries has lioon 
(•arried so far hack into tlio ]nsl, ages by the avcluTologieal 
discoveries of the last hundred yi'ars Unit an intin-esting 
account of tlie evolution of tliesii industries could readily ho 
coin})iled. Such an account, however, while of interest 
from an arclncological and liistorical iioiut of view, might 
not be of much j)ractical value: it would almost certainly ])o 
diffuse where concentration and triteaiess weni desirable, and, 
possibly, too brief in dialling with those periods when change 
multiplied change, causing a rapid and extensive evolution. 

A sequential liistory of the development of the textile 
industries will here l>e preferable, although such will 
naturally sacrifice a c.crtain amount of absolute accuracy 
to ensure a more perfect statement of the sequence of 
develojunents ; perhaps even a sacrifice of actual historic 
order may at times be necessary to impress the real 
historic teaching involved. Not that in the following pages 
history is to be outraged and actualities supjiresjed or 
changed out of recognition ; but rather that to gain all tffiit 
history should teach a certain practical licence will be 

T. • E 
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taken in presoniation of the subject., its justification lieing in 
the clearness and pri'cision thereby gained. 

• Throwing back our iniiids to the time when, our 
ancestors were . emerging from the barbaric state, we 
can well pieiina! to ourselves their earliest dress as the 
skins of slaughtered animals. As the liuman rac(^ was prob- 
ably evolved from the torrid-temjierate zone (in Central 
Asia), it is jiossible that some lighter form of wearing 
garment ])receded tlui skins of animals for iiersonal wear, 
Blit it si'ciiis very probabhj that the first idea of textures of 
real wearing value would be first thus suggested. 

If any animal such as the sheep then existed, we can 
well imagiiH! that the shearing of a fleece would suggest the 
matting togetlier of lihres already favoni'ahly disposed for 
the formation of a continuous covering. Felt fabrics 
undoubtedly came early in the historic sequence; thus hotli 
garments and hats of felt were worn in Ancient Greece; 
while remains of felts can also he referriHl to a much earlier 
period. Jhit wool being the only fibre which truly “ felts,” 
the felt industry naturally cannot go further back than to 
the discovery of the felting property of \V()ol. 

AVool could only he converted into a w'oven fabric liy 
being spun into a “ fibre- thread.” Now- prior to the 
spinning of ” tibre-tbreads ” — or yarns as we now term them 
— the art of interweaving rushes and other fibres or bundles 
of fibres of lung length was undoubtedly practised, so that 
the art of weaving evidently preceded that of spinning in 
the natural evolution. Again, it is probable that the art of 
weaving preceded the art of felting, as it is a debateable 
foint w’hether the art of felting preceded the art of spinning. 

The spinning and weaving of fibre-threads or yarns are 
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obviously mo^t delicate processes in comparison with rush 
and coarse libre weaving ; but it is iieveribeless true iliat 
as far back as the early Egyptian Dynasties a most refined* 
art of weaving was practised, so much so that to-day 
Egyptian mummy cloths of a gauze structure are found 
worthy of reproduction. 

Turning to tlie conditions under whieli the arts of 
spinning and w'eaving would be practised in tlie early days 
of our civilization, we come .across traditional industries 
retained in the family. Jt is more than i)robable that in 
some of the ancient civilizations the textile industries became 
more than family cojicerns, but so far as we are concerned 
the textile industry may be regiirded as essentially a family 
industry until the home industries -develoj)ed from family 
industries — appeared about the commencement of tlie 
eighteenth century. This does not discount the “ Trade 
Guilds ” which doiirishod in many contiajs of industry, 
such being based as much ut)Oii the family as upon a more 
liighly organized form of the industry. 

So long !is all industries were distributed over the 
country it is evident that tliere would neither be the need 
nor the incentive for large production : the incentive would 
rather be towards the production of lietter fabrics and more 
artistic effects. Hence the marvellous beauty of many of 
the fabrics which came down to us from a very early 
date. And it is interesting and instructive to note that up 
to the nineteenth century attempts to introduce machines 
to facilitate production invariably claimed small coii^sidera- 
tion, while machiiKJS to facilitate tin; production of elaborate, 
styles were certainly more than welcome. The draw-loom ” 
was Successfully introdif^ed ffom China, but M. de Gennes’ 
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power-loom failed : Jacquard looms were in bse lon^: before 
the power-loom was either invented or adopted by the trade, 
'i’hus the art of producing elaborate and beautiful textiles 
followed civilization from the East to Boutliern Europe and 
from Southern Europe northwards. Marked indications 
of this line of development are still evident in the i)resent- 
day organization of our industi‘i(‘s, as will he shown later. 

With the disturhance of the balance of production by the 
going forth of Europe's, but more especially England’s, sons 
as colonizers would conui the pressing ilenuind for the 
greater lu’odiiction of certain commodities, of which cloth 
would ])e one. This would tend to break up the family 
traditions and to develop an industry organized on a larger 
scale, resulting in what might fairly he termed “ specialized 
production ” or organized home industries. Bringing groups 
of artisans together could not fail to stimulate industry and 
inventiveness, which in this case would naturally run on the 
lines of increased production. Now the Continent would 
naturally have shared in this evolution had it been trampiil 
and comparatively undisturbed as was England. ]hit the 
Na})oleonic wars were such a constant source of ferment on 
the Continent that tranquil, undisturbed England reajied 
nearly all the direct benefits of the very rapid evolution 
dating from this period. 

About 1750 there commenced a natural evolution of the 
textile industries— spinning and weaving— the final result 
of which was to leave England for a long period of years 
practically supreiiTe as a manufacturing country. 

Priqr to this evolution two kinds of spinning wheels 
were in use, one of which might be termed the “ long-fibre 
wheel ” and the other the “ short-fibre wheel.” In the case 
I of the long-fibre wheel (Fig, a ^liver of Iong^fibre*s was < 
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practically’^ mfide up from the raw material to the rif] 5 ht 
thickness by hand and then twisted and wound on to the 
bobbin at the same time hy the action of the dyer aiwl 
bobbin. The introduction of this wheel had increased tin' 
product about threefold, in com]>aris()n with the distall and 
spindle. The attcni])t to use a double-spindle wheel no 
doubt suggested at an (uxrly date the more perfect and 
automatic production of slivcirs which might then he si)un 
in greater numbers by hand. Thus in 1748 Lewis Paul 
developed the idea of drafting rollers. That he pi’ohably 
got the idea from seeing rollers used for elongating or 
working metal is indicated by the fact that it was thought 
possible that one pair of rollers would do all that was 
necessary, elongation of the sliver presumably being thought 
to vary with the pressure exerted. This mistake was soon 
rectilied, and two or more pairs of rollers adopted. Pichard 
Arkwright now came upon the scene and, linking up the 
drafting rollers of Lewis Paul with the long-libre spinning 
wheel, made it possible to control more than oiu' or two 
spindles at the same time. Arkwright then linkc'd up the 
water wheel to this machine and thus evolved what is 
known as the “ water-frame,” yielding a type of yarn known 
even to-day by the term “ water- twist.” 

It is probable that tlie “short-libre wheel ” was emjdoyed 
in the sjunning of wool and of cotton-cotton was then a 
comparatively small industry^— both of which were woven 


* Year 1701 ; 

Cotton Exj)orls 
Woollen Ex|)orts 
Year !S3;{ : 

Cotton Exports 
AVoolIeii Exports 


. .■C2,0(H»,UU0 

. £IS,4S6,400 
. £0,r>39,7:U 
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into fabrics known as Lancashire woollens. ^Spfndle-draffc, 
as distinct from roller-draft in Arkwripjbt’s machine, was 
# here employed, the reduction of a thick carded sliver into 
a comparatively thin thread being accomplished by mere 
(‘xtension, by the movement of the hand away from the 
spindle point, with tlui aid of a little twist ; then uj)on the 
completion of the drafting the necessary twist was put into 
the thread. The process was intermittent, as winding on to 
the bobbin followed this drafting and twisting. The idea 
of working more than one spindle would here be more 
difHcult of Hialization than in the case of the hyer, as the 
cycle of operations was much more complex. Improve- 
ments in the preparation of the slivers would ben*, also 
forward the multiplication of the s})inning spindles. Thus 
Hargreav(is invented the “ jenny,” which was simply a 
multiplication of the spindles to be worked by hand, the 
action being really an exact copy of the mechanical operation 
of spinning on the short-fibre wheel.” This was soon 
followed by the “ slubbing-billy,” in which the position of 
‘ s])inning sj)indles and the slubbings were reversed, as in 
the mule of to-day. The “ billy” mis gradually developed 
by such men as Kelly, Kennedy, Eaton, and many others, 
into the hand-mule, and finally the hand-mule was success- 
fully converted into the self-acting mule by Richard 
Roberts in IHtlO. 

Much has been made of the invention of the “ mule ” by 
Crompton. But the truth is our ideas here need consider- 
able revision. Crompton’s idea of combining the drafting 
rollers^ of Arkwright's water-frame with the spindle- 
di^ft of Hargreaves' “ jenny ” was simply a “ happy 
thought.” Certainly this happy thought was combined 
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\\]ih a cer!?l.in#ainount of resolution and skill in putting the 
idea into practice, but it should he noted tliat the woollen 
“ mule ” of to-day is not Crompton’s mule at all, and ip 
fact is not a “mule,” but a “pure-bred,” and all the 
really ingenious mechanism on both woollen, cotton, and 
worsted mules is not due to Crompton, but to the men pre- 
viously mentioned. It is further interesting to note llial 
most of the comphix niechani.*>ms combined in the miih! wei’e 
known to spinners and would-be inventors prior to Jloberts 
taking the mule in hand, but owing to their lack of power 
of sequential inti'graling thought iIkw all tailed in dt'vising a 
successful machine. Jt was Roberts who comhiued tli(‘ id(‘as 
presented to him into a harmonious whole and gave to the 
Nvorld one of the most wonderful and ingenious machines 
which has ever been invented. 

It will readily lie imagimal that the imin’oveiiuMils in 
spinning just mentioned naturally resulted in a marked 
multiplication of yarn production. Curious to relate, how- 
ever, there docs not ai>p(iar to have been over-production of 
yarn, but ratlier under-production of clotli. Jt is said 
of the hand-loom weavers of this jieriod tliat they went 
about with i‘5 sewn in their hats, so remimei’ativo was 
their art. The invention of Kay’s “fly-shuttle ” in 17dH— 
an invention be it noted which could only affect pro 
duction, not (piality nor elaborateness of the residtaiit 
fabric — had been followed by others which brought the 
hand-loom up to the perfection of to-day. The word 
“ witch ” — ai)plied to the shedding mechanism known 
to-day as the “dohhy” — carries with it an indication of 
the way in which some of these innovations were regarded. 
The placing of tw’o or more shuttles in movable planes or 
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shuttle-boxes, Jiny of which could be brout^htiint^ line with 
the i)icking ])hiiie, was possibly introduced in more places 
f than one quite independently, while ]>ernianent back- 
rests,” “ setting-up ” and “ letting-off ” motions had 
developed, so far as might be, the })ossibilitjcs of the hand- 
loom from the jnoduction point of view!* 

And here it is well to realize definitely that there w('.re three 
distinct })hases in the development of the textile industries. 
In the Middh^ Ages we note these industries as distributed, 
laborious and, comparatively speaking, unproductive voca- 
tions. In the eighteenth century those distributed industries 
W(‘re becoming more concentrated and, more important still, 
were developing almost all the well-known methods of spinning 
and weaving employed to-day. Then came the nineteenth 
century, with its applied power — in some cases the application 
of power leading to tlui development of a macliine, and in other 
cases the development of a machine leading to a better control 
and application of power. It should herti be noted that, 
although the cotton trade was introduced into this country 
from India and the East, and although there was legislation 
against the use of cotton and in favour of wool prior to the 
mechanical era, still this trade was necessarily so restricted 
that it was not until the possibilities of the steam-engine and 
power machines were realized that the cotton industry took 
on a really serious mid substantial develo])mcnt. 

It is interesting to note that power was practically applied 
to the spinning frame earlier than to the loom. Arkwright’s 
“ water-frame ’’ was successfully run shortly after 1769, while 
no ])rajtical power-loom was running until about 1813. By 
th^ middle of the nineteenth century hand-spinning was fast 
disappearing from all the manufacturing districts, but hand- 
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weaving i? ew^ii still continued in the twentieth century. 
Arkwright’s “ water-franie ” was most e;isily rend(‘.re(l auto- 
matic ; the spinning- j(uiny or “ mule ” u]) to a certain point*, 
was soon remhu'ed automatic, but the completion of the 
necessarily comjdex cycle of operations automat ically was not 
accomplished until Jloberts faced the ])rol)lem in 1S25. The 
cycle of operations involved in weaving being more com])licat(Hl 
than the “ wat(‘r-frame ” cycle, but less complicat'd than tlu^ 

“ mule ” cycle, would naturally have come in between but 
for the difllculties in obtaining a st(‘ady drive. Dr. (Cart- 
wright’s first atteinj>t at a power-loom was made without the. 
slightest reference to a hand-loom and proved a failure. His 
second atteni])t was based perha]>s too much upon the 
hand-loom, but may be regarded as having bi'.en fairly success- 
ful. It is well to fully realize that, while the introduction of 
water-power facilitated spinning, it did not fa.(‘ilitate weaving 
to nearly the same extent; simply because for weaving a 
really steady drive to ensure steady ]>i(;king is nec.(*ssary, and 
this was probably not by any means attained b) in tin' early 
days of water-power driving. Later, when st(*.am pow(‘,r was 
applied, marked improvements in steadiness were rapidly 
dcvelo])ed, with the result that practically most movements 
involved in ordinary spinning and weaving could be accom- 
plished automatically from 1830 onwards. Then came tin? 
exodus from the country districts and the centralization of 
industries on or near' to the coalfields. Thus it is interesting 
to note that j)rior to England becojuing a juanufacturing 
country the wool of England met the skill of >Southern Europe 
in Flanders. Later a distributed industry is to b(; iyRccI in 
England, the industry generally following tin; line of siip'Idy 
of the raw material. Still later the coal-power of Yorkshire 
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meets the wool j)roduction of Yorkshire at Bradfotrl, and the 
coal-power of England the cotton of America in Lancashire. 

^ , Attention was now turned to the more perfect preparation 
of the slivers of wool, cotton, flax, etc., for the subsequent 
spinning ])roe(*ss. Hand- cards W(‘re (‘arly disj)laced by the 
roller liand-card, and this in turn d(*veloped into the ‘‘fiat- 
card ” and later the “ r(‘Volving flat -card.” The development 
of the card, however, was more of an engineering [)rol)leni tlian 
a probhnn in jne(dninism, the style of build and accuracy of 
setting being the real difficulties. There is an cxc(‘ption to 
this, how(‘V(n’, in tin*, ease of the woollen condens(‘,r. Originally 
cardings were hdt (‘xc(‘edingly thi(rk and unwieldy, luiving to 
be drawn out into slubbings and tlnm into slivers, finally to 
be spun on the whe<‘l or jenny. The fust inqwovement was 
the dividing of the card-clothing on the last dotfer into strips 
of 0 inches to 8 inch(‘s wide across t])e dofTcu*, so that from 
the circumf(‘renc(‘ of, say, a 2-l-in(>h doflf<*r 10 or 12 slubbings 
just the width of tlie card — each say 27 inches to 3C inches 
long— would be stiip])ed, tliese strippings being pii'cened up 
•on the apron (»f tbe slubbing-l)illy by boys and girls called 
“ pieceners.” Then what was called a ‘‘ piecening machine ” 
was added, which, taking eliarge of the.'-.e slubbings, each as 
long as the doffer w^as wide, strijiped from th(^ dotfer, joined or 
placed them into continuous slivers, which were W7)und on to 
a spindle or bo})bin, and placed later on the slubbing-billy.' 

Some time after the introduction of the piecening machine 
the “ condenser ” made its apj>earance. In this the last 
doffer or dotTers were clothed concentrically wdth rings of 
card-clothing, so that the slivers were stripped contimfcusly 
froKi t he doffer, and were piactically endless as compared with 
tlie 3(>-inch slubbings strij)ped from across the doffer of the 
^ “Journal of the TeLtile Institute," 11)12, * 
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old card, in l^io latest form of C(>nd<mser tlie wool is stripped 
from the last doifer in a contiimoiis film, and then broken up 
into 60 to 140 filaments by means of narrow straps or steel • 
bands. One wonders why the idea of the ring-condenser was 
not sooner thought of and wliy it should have bei^n so fre- 
quently tried and discarded. A little thought, however, soon 
clears up this jioint. It may b(‘ taken that wool fibres take 
up a more or less coiKJciitrii; position on the card. Jf this hv, 
so, then stripping the wool off the doffiir in the old method 
would result in the fibres taking a comarntrie ])osition in tin* 
thread, while in the case of the condtuiser they would take up 
a longitudinal ])osition in the thread. This, no douht. 
seriously affected the subsecpient spinning, weaving, and 
finishing properties ; in fact, it is frequently stated t hat no 
fabrics equal to those made from yarn spun from the old 
piecening slubbings are to-day produced. Possibly the 
realization of this difference suggested the. idea of preparing 
wool for combing by pr(‘,viously carding it. This was first 
carried into practice about 1847 and is to-day btdng largely 
applied even in the case of wools 8 inches to 10 inches long. 

The cycle of movements in hand-combing being more 
complicated than the cycle of movements in carding, auto- 
matic combing naturally developed much later tlian automatic 
carding. The operations of lashing on, comiiing, drawing off, 
and the removal of “ backings,” of “ milkings,” and of “ noil ” 
were necessarily very* conqdicated, and it was largely by the 
elimination of certain of these that mechanical combing was 
made a success. As with most other machines, the. first 
mechAiical attemptfi were simply imitations of tlm hand 
process. Dr. Cartwright from 1789 to 1792 brought out *cwo 
forms of mechanical combs which after many vicissitudes 
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were laid aside for many years until they both a^in^emerged — 
the iipriglit circle comb as Heilmann’s comb, the horizontal 
rckr(;h‘. comb in its most perfect mechanical form as Noble’s 
comb. It should be noted, however, that it is Lord Masham 
(tlu^n Mr. S. V. Lister) to whom credit must be given for 
the creation of a ])ractical wool comb : without his “ driving- 
force ” there can be no doubt but that the evolution of the 
wool comb would have been long delayed. As with spinning 
so with combing : the preparatory ]>rocesses were of marked 
importanci*. Without tlui pre])ariug or gill-box and the card, 
mechanical combing would to-day be at l(*,ast very impt*rfect 
if at all possible. The “ Genesis of the Wool Comb ” is given 
in List L 

We have now dealt \\ith the evoluticui of all the important 
textile mechanisms with the exce])lion of the ring and cap 
frames, which may finally be briefly touched on. 

Labour, especially male labour, being V(‘ry scarce in the 
United States, difficulties were encountered in working th(‘ 
heavy mules or mule-jennies needed for the production of 
C(n’tain yarns. Again, the questions of s])eed of machine and 
production would no doubt claim attention. Thus in 1832 
the ring-frame (Fig. 15) was invented, this being readily 
controlled by female labour and eminently suited to the 
spinning of certain useful cotton counts. 

Other ideas of frame spinning had naturally been tried in 
the States. The Danforth or cap spindle, coming to Lan- 
cashire about 1825, was condemned for cotton, but being 
introduced into Yorkshire was adopted a.s the system far 
excellence for the spinning of fine lh)tany yarns. It is curious 
to relate that the first trial of this spindle in Yorkshire was 
made at a very slow sjieed “ to give it a chance.” The result 
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List 1. — The Genesis of the Machine Wool Comb. 

HAND rOMRS 

/ Mculilicaiioiis <»f \ 

Hand Com Its 


PlKH to 
LS(M) 

ISIl 

1827 

1810 

1813 


ISoO 

1800 

1900 



Sohlimiberf^er’s 
Sociote Alsncicune, etc., 
Combs reintroduced 
into Britain. 
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was that the yarn could be jerked oflF the bobbin or spool. 
It was only when the bobbin was speedt'd uj) from 2,000 to 
5,000 revolutions per minute that the possibilities of this 
spindle wen; fully a]>])re(*iated. 

From 1850 onwards with the exception of the electric 
Jacquard and certain most interesting? methods of pile weaving 
— no marked advanc(5S in the gcuieral form of the machinery 
employed in the textih‘ industries are to be noted. Ncvo'rthe- 
less, the improvements in details have been imany and in some 
casi‘s of sur})rising imuit. 

The development of pile weaving and of pile weaving 
machinery may briefly be summed up as follows ; The printed 
warp pile fabric was introduc-ed by Mr. K. Whytock about 
1832. This was f()llo\ved by the Chenille Axminster- in 
which the colours were woven in—about 1839. From 1844 
to 1850 the i)ovvcr wiring loom was developed in the United 
States and introdiuuHl into Great Britain. From 1856 to 1807 
the power “ tufting ” or Axminster loom was developed, and 
finally, in 1878, Lord Masham succeeded in weaving two piL 
fabrics face to face, the pile stretching between an under and 
vqjpeT ground texture being severed in the loom by a knife 
which traverses from side to side with this object. From 1890 
to 1910 the chief innovations have had reference to the cutting 
of weft-pile fabrics in the loom, the introduction of the looping 
or cutting wires through the retd, thus doing away with the 
necessity for any wiring mechanism, and certain marked 
improvements in the mechanism for producing Chenille 
Axminster fabrics. 

:ic ^ ^ 

Along with the developments outlined in the foregoing pages 
came the factory system. This system was no doubt evolved 
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by the disturbaftci^ of tlu* balanc^c of tradi* due to nojonizatioii 
and the various inventions noted. One thing reaeted upon 
another, production increased j)rodiietiori, spindle stiinulateih 
loom and loom si)indle, until eventually a tinTible strain was 
put U])on those actiuillv engaginl in the factory, a.nd in juanv 
cases humanity was sa,erilic(‘(l on the alla.r of increased pro- 
duction, most awful conditions ])r(‘vailing. Slowly, liowever, 
the j>osition of the worker has been improved both by dirt‘ct 
and indirect legislation. Foreign competition has no doubt, 
retard(*(l still further improvements being carried into (dfect ; 
but the nvpprocltehicul of nations due to increased facilities 
for communication must inevitably lead to a lev(‘ljing up and 
to labour ultiniati'ly rec'eiviiigdiie nrognition Imt li with resjiecl 
to the conditions under which work is done and tlu' ]>ecuuiary 
benefits derived from such work. Since the War this move- 
ment has been most markedly in evidence, even the Eastern 
nations agr(‘(‘ing to an eight- or nine-hour day. In Europ(‘ 
and America the status of the worker is being still fiirtlier 
improved by nutans of tin* Whitley Works’ Foiim-ils, by wellare 
work, bv scientilic management and by ]»rolit -sharing schenu's. 
Thesis and other similar developments, when rightly mtnxluced 
into the factory, ttmd to lift the whole tom* of the textile 
industries. 

Jn List 11.,^ the concomitant early d(welo])ments of Mechani- 
cal Methods of Manufaiiture, Organization of the Industry ami 
of Markets, are given. 

^ Notk.— T his li.st was in a diflerent form in tb(‘ iiitielo un 

“ AVool Cuinbiiig ” appeuriag- in “ Technics ” for August, lUOt. 



CHAPTER II 

THE WOOL, SILK, COTTON, FLAX, ETC., GROWING INDUSTRIES 

The sources of supply of raw materials must always 
claim th(} careful attention of sj)inners and manufacturers, 
even if they have not to deal with the material at first hand. 
It may be questional de if all the fluctuations in price of 
cotton, wool, etc., can be accurately gau^^ed by the most 
careful study of the economic conditions of the supply; 
but of this we may be sure, that a sound knowledge of the 
conditions of production and consumption will in a large 
pei’centage of cases enable the spinner or manufacturer to 
correctly judge the situation and thus avoid mistakes which 
otherwise would most surely be made. AVe must not forget 
that the successful man is he who makes the fewest mistakes ! 

About a hundred years ago most wonderful advances 
were being made in both wool and cotton growing. The 
develoi)ment of the Continental merino wool trade, 
followed by the still more remarkable development of the 
Colonial wool trade, and later by the development of the 
South American wool trade — these and other minor but 
important influences have resulted in changes of momentous 
issue. Cotton much earlier than wool seems to have felt 
the doming revolution, becoming acclimatiziKl or being 
further developiid in the United States of America, the East 
Indies, Peru, and later in E^ypt. , It is further intiy'esting 
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to note that of lat(i there has been a most dee.ided unrest 
in cotton producing and consuming (‘ircles, resulting in tlui 
institution of the British Colonial Cotton Crowing Association, • 
which, if somewhat languishing befort^ the war, is now 
threatening to again revolutionize the cotton marlcets. Silk 
also has made a remarkable advance, owing to the discovery 
of the possibilities of reeling (5ertain wild silk c(KHX)ns and 
therefrom making a good (piality of net silk. None the less 
remarkable have been th(^ ({(‘velopimiiits in the waste and 
artificial silk industries. Flax has never markedly changed 
its centre of gravity -at least so far as ])rodu(‘tion is con- 
cerned — this no doubt being due to its being one of the fibres 
most easily spun by hand, and Inuice having b(‘en in general 
use prior to the industrial era. Its cultivation was much 
more distributed up to about 1870, but the chief centres of 
flax prixluction, Ireland, Russia, Cermanv, Holland, and 
Belgium, are all old established. Other vegetabhi libres, such 
as China grass, Bhormium Tenax, etc., have from time to 
time appeared, and it floes seem as if at last China grass has 
come to stay ; esjiecially is this remark true for the mantling 
industry, which during and sima*. the war has made a mark(‘d 
development. The following sections, which must only be 
r 'garded as notes, give a broad outline of the development 
of the resi)ecti\'e industries. IVtIkijis such notes possess a 
value which is not diminished but rather accentuated through 
their very brevity and triteness. 

The Wool Growing Industry.— The sheep as we have it 
to-day is said to be a development, through years and years 
of selection and acclimatization, of somewhat rougli-haired 
animals originally reared on the central plains of Asia. The 
evolution of the sheep was no doubt dependent upon the 

C2 
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advancement in civilization of the peoples iiltiihately destined 
to spread not only over Asia, hut Europe and Northern Africa 
‘also. It seems quite ])robable that the Arabs following the 
north coast of Africa ini,o 8])ain took the partially developed 
slice}) with them and by their W(dl-known skill and carefulness, 
aided by climatic conditions, ultimately ])roduced the Spanish 
merino, to which the merino flocks of the world owe their 
origin eitlier directly or indirectly. At the same time that 
this evolution was taking place, the AMatic< tribes who struck 
northward across the central j>lains of Europe possibly also 
took with them the yiartially develo|)ed sheep which ultimately 
arrived In England. The evolution of our domestic sliei']) 
has recently been brought mmdi more into evidence through 
the researches of Vrohissor J. (Wa.r Ewart, F.ll.S., of Edin- 
burgh University. Thus the short-tail(‘d shee]) derived from 
the Urial, Mouftion and primitive herds, as shown in List TIL, 
have come into Britain, and, in fact, seem to have spread over 
the whole of Euro]>e, and arc still to be found in their ])ure 
form in the little island of Soav, to the north-west of Scotland. 

I 

The fat-tailed and fat-runqied shecf) have also come to these 
islands and, being crossed with the Soays, have finally yielded 
our normal domestic slice]) with its long tail. 

In List TV. the. derivation of our present-day domestic 
sheep from the mountain and merino types is illustrated, this 
list forming a most excellent key for the study of the present- 
day breeds of sheep. Professor Ewart’s researches have led 
to the suggestion that the original sheep was double-coated, 
i.p., it carried an overcoat of long, strong hair and an under- 
coat oftfin(3 wool. It is further suggested that, in the case 
of the merino, the long, strong hair has been bred out and the 
fine wool developed, while in other cases the fine w^ool has 
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Urial. 


lirinl- 

Soav. 


List III. 
Moufflon. 


Ammon. 


McniHlon- 

Sony. Tailed. Riimpcd. 


Medieval Mixed .Si.a.y. Fal-Tailed ■ Kat-lOiiuiied. 


Early Kiiropoan and African Breeds. 


List IV. 


Early European and African Bre(‘d«. 


Jj if.er Mounfain Breeds. 


Vroi 


o ]\ii 


r.iio Breeds. 


Liisire Mountain 

Breeds. Breeds. 


Down Merino Fin,, Merino 
Br(‘eds. Breeds. Breeds. 


been bred out and the- strong hair develojK‘d. The Scotch 
J^lackfaco sheep to this day cari-ies a strong ]i;,,ir „f j^jout 
400 in diameter and a fine wool of aliout to 

T(m ,,-j inch diameter. 

In List V. the derivation of the merinos and the merino 
crosses — termed crossbreds — are shown. 

It seems more than probable that the original progenitor 
of the sheep was black or brown, and it is intijrcsting to note 
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that there lire c-ontinual rcvtTsioiis to this (dolour in soiiKi of 
our whitest and finest ])re(‘ds— Weiisleydales, for example. 

So much has this timdeiicy marked itself in C(‘rta.in jiarts (vf 
Australia that floeks of brown or lilaek sheep have l)<‘en 
established. The chan^(' in colour of the avera^^‘ slu'ep from 
bro^vn to whiter is said to lia.V(^ be(‘n due to the custom of 
paying for shepherdin** with the white lambs droj^janl. This 
naturally led t() the she])her(ls promotin'^ the bre(‘dinj^ of 
white sh(‘ep-— as told with nderimee to Jacob in the Lilih* — 
with the final result that when the att<*nip<- was seriously 
niad(^ to bre(‘d ])ure, white shee]) success was soon aclii(‘V(‘d, 
Perhaps this nuitter is bettiu' approaeluMi in the li^ht of 
Meiidelian res(‘ar(Ji, the wliito sheep usually b(‘in^ dominant 
and the black she<‘]) n'cessive. The Cambridge University 
School of Agriculture and Wy(‘ Agricultural College have 
obtained some r(‘, markable results in sh<H*]>-])Teeding on 
Mcndelian lines, incidentally illustrating tin* Australian 
saying, “ Three gcuie rations to find a breed, twenty geiuTations 
to fix it.” 

It is reasonable to suppose that the shee]) as a supjbi'r * 
of wool and mutton, was very widely distri])iitcd, and that the 
small rpiantities of wool produced would be sf)un and wove.n 
locally until some change u])set this distributed (‘quilibrium. 

So far as we can tell, the first change was due to tla* dev(‘loj)ed 
skill of the Contimaital workers, ])robably coming down the 
Rhine Valley and finally settling in Planders. At h^ast wc 
know that the skill of the Flemish spinners ami weaver’s was 
largely instrumental in creating England as a wool-growing 
country. The direct endeavours of several of the |^nglish 
monarchs coupled with Continental wars and ])ersecutions 
uUbnatelv resulted in the establishment of si)inDing and 
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weavin}^ in Enj^land along witlu Avftol growing. 

N(‘^'(‘rth(‘k^ss the centralization of industry was only partial 
piitil, as alr(iad}^ ])oiutcd out, our colonization of new worlds, 
ContinontaJ wars, certain mechanical inventions, and the 
a PI )li cat ion of \\at(n* and steam-power gavui ris(‘ to the factory 
systi'in, Avhich in its turn reacted upon the raw material 
])ro(lucers and ultimately result(‘d in the dev(h>})ment of the 
(hpe, Australia, New Zc^aland, South Aimn'ica, the East Indies, 
etc., as tlu', great woo]-])roducing centres, although England 
still holds its own for its specially uscdul types of sheep. 
Just Jl. gives an idea of how tlu'se. markets develo|>ed and at 
th(' same time, affected tlui production of wool in the older 
\Nool-growing districts. 

It will be noticed from these lists that the most marked 
d(‘Velo])m(Uit of tlu‘ Botany wool trade took ])lace between 
1850 and 18(S(), (U)inciding with tlu' develofiment of combing 
machiri(‘rv (iapable of dealing with fine short wools, and with 
th(' inv(‘ntion and developnunt of the self-acting woollen 
mule. In fact these lists conclusively prove that the d('.velo[>- 
* ment of the growing of fine wools was largely dejandent upon 
the. invention of machines with which to work them : thus the 
wool comb and the. self-acting mule, were n^ally the deciding 
factors. Of course woolle.ii yarn had jmniously b(!en spun 
on the “ ])i11y ” and ‘'jenny," and Botany wool had been 
combed by hand, but these being all hand processes were the. 
natural but very marked limitations, and it was only when 
these limitations were removed that the most noteworthy 
advance was made - -just as the development of these improved 
hand methods had (-aused a marked rise in wool production 
fifty to seventy years previously. 

It was the wonderful direct influence of the Australian 
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FlO. 1.-- Wools jiiul Hairs (tlio horizontal divisions ^ 1 inch). A, liiiicoln ; 
IhKent ; Shropshire; J), Australian Crossbred (-hl's) ; K, Now Zealand 
(Tossbrod (4«’s) ; F, JJikmiok Ayres (Vossbrod (Ki’s) ; O, Australian Merino 
(7()V) ; H, liupiios Ayres Merino (bOs) ; I, {hjie Merino (Hi’s); J, Turkey 
Mohair; Iv, Capo Mohair; J i, ( ’ashniore ; M. ( ainel’s Hair , N.While Alpaca. 
Ab/e.— Tln< presence or absence ol' grease on these natural wool btajdes 
has affected the colour. 

climate upon tlie fl(‘ec(‘s which first called attention to Australia 
as a ])Ossiblc fine wool-growing centre. The climatic con- 
ditions, however, were not the same all over the island 
continent, so that later developments have faken the line of 
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li(M.vi(T sIk^oj) of a value from a muttoh point of 

view, with a consequent development in crossbn'd wool 
<<rowinj'. When wool was down at a very low price in 1901-2, 
“ mutton ” l)(^came the chief factor in the case of all lands 
carrying; crossbred or h(‘a.vy she(*p- as was also the c-ase 
during tluise years in Enghind. A large part of Australia, 
however, is only fith(‘d for carrying the lighter merino bretnl, 
and thus will n(?ver be marlo^dly aff<Md(*d by the fi’oz(ut mutton 
trade. Tln^ great drought of 1H97-8 and later Australian 
droughts of a s(‘rious eJiaracter, in (conjunction with a tendency 
to br(H‘d f('.W(u sIkm'p in otlnu* countries- South Americca and 
Oanadn., for (example— have suggested the [>ossibility of a 
world shortage of wool. For tine time Ixung the wool market 
is cong(‘.st(Hl (October, 1920), but when t-his pass{is away it 
do(es seem possible that the newly developing sheep-breeding 
districts in Peru, India, China and Jaj)an may make useful 
and necessary contributions to the wool requircumnts of the 
world. 

New Zealand, having a climate more akin to that of England, 
has always ]>r()duced wools of the crossbred type, merino 
slncep b(*ing bred in some few districts only. 

The Cape has been a wool-])roducing country longer than 
Australia, but climati(!ally is apparently not so suited to the 
j)roduction of wool of good type. Of lat(c much has been 
done to improve Ca])(* wools, and they anc naturally more 
sought aft(‘r, (‘specially by the Oermans, who seem to be 
specially ca])abl ‘ of manipulating them. 

Of recent years the country which has advanced most in 
wool jjroduction is South Amcri(ca. Originally a common 
sort of merino wool was grown, but now, oAving to careful 
breeding and selection, both fine Botany and well-developed 
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crossbred and even English wools are prodft(’.ed. The wool 
eaj)al)iliti(‘,s of the South American Continent are by no 
.means exhausted, and it seems a f)ity that we English failed 
to realize the wonderful potentialities of a country likely in 
the near future to ])lay such an important part in the world’s 
liistory. It is ])rinci])ally to this country that the Ji!l,000 
Lincoln rams are continually, being exported. 

The llnit(‘xl States of America very early attempt(‘d and 
succeeded in establishing flocks of sheep ranging from cross- 
breds to truly fine iiKuinos, although, as already pointed out, 
they at first as (jolonists drew practically all their cloths from 
the mother country, and still take large (piantities of the 
liner goods. That the United States is (capable of producing 
a line merino wool is ])rove(l from the use — rightly or wrongly 
—which has been made of the Vermont merino shee]> in 
Australia. This use, however, has been made with the idea 
of prod uclng a lu'avier fleece rather than a finer wool. America 
still buys English sh(H‘p and English wools, the importation 
of the sh(M’j) ])robably being necessary f.o correct the tendency 
to degcnei’ate owing to climatic conditions. It is interesting 
to note that the United States now grows about half the wool 
need(d l)y the manufacturers, and her total wool manufacturing 
trade closely rivals that of Great Britain. 

Of the hairs manufactured into fabrics of various descrip" 
tions, Mohair, Alpaca, and Cashmere an; the most important, 
llorseliair, Cow-hair, Rabbits’ fur, etc., are used in small 
quantities only and for very special pur[K>scs. In List VI. the 
sources of the various animal fibres other than wool are 
indicated, and in List VTa. the variations in the camel repre- 
sentative in South America arc graphically shown. 

That mohair was used in England two to three hundred 
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years ago is* evident from allusions to mohair fabrics made, 
for exam])le, by Drydcri. Tlicsc fabrics, and later mohair 
yarns (hand spun), were no doubt imported from the emporiump « 
of the East, and it was only about 1818 that su])plies in 
quantity of the raw material coinmenced to come into this 
country. Various restrictions were at first ])1ji.c(h1 iq)on the 
export of the hair, ])ut now it is an establisluMl trade and very 
considerable in bulk. More stringent restrict i«)ns were ]>la(’ed 


List VI. 

Coiiiiiioii Ancestor. 

Gouts, Camels. 8lie(*p. 

List VIa. 

Vienna. Al]>aoa. Llama. 


Spt‘Cial Cross. Sjn'cial Cnts^*. 

on the export of the Angora goat, but owing to a certain 
amount of vacillation flocks have been firmly establislied at 
the Capo and also bid fair to become established in California 
and Australia. Turkey mohair still maintains supremacy so 
far as quality and lustre are concerned, but Cape mohair, 
which, by the way, is clipped twice from the goat caeV year, 

^ This animal ran<;ps South Ampri«-a from IVru to Patagonia. Tt is si ill 
open to doubt whothiT it should ho regarded as the progc nitor of \ u iiii.J, 
AJpaep, and Llama, or whether aH should be referred to a comuiuii 
ancestor. 
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now runs it very close. The Australian sujiplies are not yet 
of much moment, while the industries of the United States 
» « consume all grown in California. 

Al]>aca comes from the Peruvian sheep or goat. This 
hair, although used in various forms for centuries by the 
inhabitants of Peru, (*laimed no special attention in this 
country until Sir Titus Salt disco veered it and produced his 
famous “ alpacas.” The fibre is long and silky and in some 
respects — notably .soft ness- is superior to mohair. Most of 
the so-called al])acas ” sold to-day are actually made of 
mohair, for, curious to relate, while the su])]»lies of mohair 
have (.piadruf)led during the past fifty years, the supplies of 
alpaca have almost remained .stationary, as all attempts to 
naturalize the sheep outside Peru have failed. 

Cashmere is obtained from the ('Ja.shmere goat, being the 
under-hair vvhi(;h is ])rotec.ted fnnri the weather by a long 
coar.se over-hair, and in turn no doubt serves the pur})ose of 
keeping the goat warm. This material came into notice a.s 
a useful fibre from the wonderful cashmere shawls which are 
so remarkable for their softness and fineness. The supplies 
of this material are in the hands of a select few and it is used 
for very special purposes. Soft, fine Botany wool is, however, 
frequently sold in a manufactured state as “ cashmere.” 

Camels’ hair is obtained chiefly from China and Rus.sia. 
The coarser kinds or hairs are used for such purposes as 
camels’ hair belting, while the “ noil ” or short soft fibre 
is used for blending with wools to yield special effects. The 
combing of this fibre, as also of Iceland wool, is very interest- 
ing, tl^e idea frequently being to comb away the long fibres, 
leaving the “ noil ’’—usually the least valuable part of the 
material — as a sfift-handling and exceedingly useful fibre. 

Cow-hair, rabliits’ fur, etc., lire iv^ly used for very special 
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textures. RUbl^ts’ fur, Jiowoviu*, is used to a (u)usiderable 
extent in the felt trade. It is liere interestin^jf to note tliat 
the latest fibre introdiun^d into the nianufaeturiii^r world i;o 
the under-wool of the musk ox, tlie (Canadian traveller, I^lr. 
Stefansson, having forwjird(*d a eonsitijninent of this to llu* 
University of Leeds. The fibre is softer than cashmere, and 
promises to be of maihi'd value in the industry. 

Before leaving th(‘ wool industry rehuvnee must made 
to the renianufaetured materials, wliic^h briefly aiv Noils, 
Mungo, Shoddy, and Extract. The idea of using ov(^t again 
materials which ha.V(‘ a.lr(‘ady servixl fur clotliing must, be 
very old. It was not until 1813, howiwer, that tlie Vorkshire 
clothiers succeeded in tc'uring up hard wool rags and there- 
from producing a material cai)a])le of being spun into a fair 
yarn, especially if bh'iided with otluT latter materials. The 
operations necessary for this “ grinding-ui),” it' i» techni(^ally 
termed (although in truth tin*, o])(‘ration more truly consists 
in a teasing out), art' dusting, seaming, sorting (according to 
quality and colour), oiling, and grinding. Obviously hard- 
spinneis’ waste would be most diflieult to reduce a,ga,in to a 
fibre state, but machines are now made that will grind uj) at 
least anything of wool; cotton, however, is another matter. 
The terms mungo, shoddy, and (‘xtract refer to the original 
quality of the goods from which these materials are ])rodnced ; 
mungo being prodiuaxl from soft short wool goods, shoddy from 
longer and crisper wool goods, and extract from goods made 
of cotton and wool from which th<‘ cotton is removed by the 
“ extracting ” process, the remaining w(k) 1 being then torn uj) 
into a fibrous mass. 

To suj)ply this trad(‘. large (juantities of rags are imported 
into this country from the Continent, the i)t‘wsbury and 
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Batley districts working up a very large prhportion. Quite 
recently the Americans made a very determined attempt to 
get liold of tLis trade, sending representatives into the Dews- 
bury <]istrict. They have undoubtedly been successful, 
{ilthoiigli th(‘y cannot yet treat these materials quite so 
elhcienlly as llie Dewsbury men. (lermany has also a 
r(*manufa.cture(I materials trade of considerable moment.’ 

The ‘‘ noils " refernnl to above are tln^ short fibres rejected 
fr{>ni eitluT English, (h'ossbred, or Botany wools, or Mohair, 
Alpaca, etc. , during the combing operation. They cannot be con- 
sidered as (|uitc Cijual to the original material, although they 
are undoubtedly superior to mungo, shoddy, and (extract : they 
may hav<‘ lost a little of their elastiidty, but their scale structure 
is not so much damaged, nor an* they so much broken up. 

Soft waste's (/.c., waste's into whhdi little or no twist has 
been inserted) and hard wastes (/.c., waste's into whiedi twist 
has been inserted), from worst e'd s|)inning rexuns, are now both 
})rejught ])ack' to a perfect librous state hy the Carnetting 
machine, and form some e)f the be'st mate'rials usexl by the 
woolh'ii mannfae'tiirer. In some few erase's the large*r of these 
waste's are* actually re'Comb(*el on the* Fre'nch comb. 

All the*se materials are e'ithe*r use*d alone* eer, me>re* frecjuentlv, 
])le*nde‘el with better e)r what one* Jiiiglit tewni “carrying 
materials.” (lottem anel miinge^, feer example, often comjmse the^ 
bh'iiel feu a chea,p but t*1Tee*t i ve yarn feu the Leee:ls woollen trade. 

The fedlowing tables, taken from the “ Statistics of the* 
Worsted anel We)e)llen Trades,” published by the Bradford 
Chamber e)f Oommeuce, give a bird’s-eye view e)f the past 
and present ce)nstitution of the wool industry ; similar par- 
ticulars respecting the other inelustries a?’(i given in the special 
chapters de*ve»te‘el te) the*m, 

^ 'Ihe re-uixmii'iicliiml umtfiials eiiiployd in {Jreut trituin tutal up to 
about U40,0UU, UUU lbs. \ or aiinuiu. 



Estimate of the Wool (Jkown in the United 
K iNfJDOM IN 1914 . 


County. 


Slii'cp and I iambs. VVpii'lit i>cr 
1013. j llcpcc. 


Tfjtjil 



Lliicoin 

Yorks. — Ka-'l Hidni^ 
Nottinubuiii . 

Cornwall 

Devon .... 
(Hourester . 

Ilampahiro . 

Oxford. 

Northampton 

Rutland 

Lolcestor 

Worwlck 

Kent .... 

Ireland 

Somerset 

Hereford 

Worcester . 

StulTord 

Shropshire 

Huntingdon 

Hedford 

Berkshire 

Buckingham 

Cambridge 

Herts. . 

Norlolk 

Suilolk. 

Essex . 

Surrey, 

Middlesex 

JiOndou 

Sussex. 

Wilts 

Dorset, 

Scotland 

Northumberland . 
Cumberland . 

Durham 
Westmoreland 
Yorks, — North Itidiii!.' . 
Yorks. — West Hiding . 
Lancashire . 

Derby .... 

Chester 

Monmouth . 

Wales .... 

Sheep and Lambs in 1013 

♦Slaughtered 

Net cup of Wool in 1914 


. : 937..'->4'-» 

17.3,412 I 

;t.M>,()(»7 ' 

7'.i7,on,> 

29 - 2 , 1 1 9 
293.14.1 
I«.'.,0fi7 
3r>l,.{43 
79,<)(57 
277,491 
220,8.'iH 
H«I.2H 
3,929,721 
4U9,!»29 
. .19.{,S9l 

I2M78 
lM9,92<i 
447,'»V.l 
97,140 
99,488 

128,8 1 r> 
193,449 
134.391 
72,979 
401,998 
288,800 
181,198 
47,49:> 
14,326 
2,194 
379,181 
3n2,i,'>'. : 

292,973 
9,801,120 

I, 089,474 

.")87,271 : 

229,378 I 

398,684 I 

694,214 ( 

938,297 
31.5,476 
126,89.. 

80.510 

209,037 

3,393,848 

27,552,136 

II, 294,858 at 3 


II.. ll„ 

01 8,909,977 

8 3.149,720 

7i l,3(t0.'.99 

7 2,492,499 

7 ;.,979,021 

7 2,041,8 53 

41 1,319,11.5 

9/ 1,249,201 

(>1 2,.571,.594 

7 :..‘.7,99!1 

7 1,942,437 

7 I, '44, 01 19 

7 (.,049,177 

9 21,724,344 

7 2,809,.‘.03 

.'I 1.749,873 

718, 59S 
1,092.074 
9 2, 98.5, -5.54 

9 402,879 

9 419,928 

9 772,890 

9 980,9<)4 

9 806,199 

9 437,9:.0 

9 2,410,198 

r> 1,414,000 

4^ 828,7.59 

4i 213,727 

5 71,030 

9 12,984 

U 1,706,314 

4 1 .794,697 
.5 1.194.89.5 

.5 34,005,910 

9 (., .39,k44 

6 3,..2 .,929 

6 1,376,268 

6 2,392,104 

6 4,195,254 

6 3,829,602 

9 1,892,9.56 

9’ 779,370 

362,495 
41 927,199 

3i 11,878,468 

155,084,617 
33,884,574 
. 121,200,043 


• The figures neecssary for < nleulating the number of sheep slaughtered in Ireland are 
not available, but an estimate has been made on the assumption that flocks in Ireland will 
have decreased in the same proportions as flocks in Great Britain. > 

Note. — The sheep and lambs of 1918 produce the wool of 1919. The loss of wool on 
the slaughtered sheep, estimated at 3 lbs. per fleece, mast, of course, be deducted from 
the total possible yield. The above figures are, as usual, exclusive of the Isle of Man and 
Channel Islands. 


T. 
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Estimate of Wool (tIrown in the United Kin(D)OM 
IN 1915 19. 


LLs. 

Net ('lip of \VtM)l in mir. . . . 12 l\474,077 

„ „ I Dili . . . 124,408,221 

1017 . . . 123,170,000 

„ 1018 . . . 110.730,277 

1010* . . 11.5,038,504 


* Elovrn niontli.s. 

The Silk Growing Industry. — At oik^ time this industry 
was praciicfilly liniilod to Cliina and Japan, in which 
coHiiiries the silkworm was rigorously guarded. Some 
niissionari(‘.H, however, in tlui year 552 managed to bring 
some eggs to Const antinoph^ and eventually tlic industry 
was lirmly estahlished upon the nortli shores of the 
Mediterranean. Various attempts have l)cen made to 
estahlisli the industry elsewhere. Attempts, for instance, 
wore made to acadimatize the worm in Ireland, and at the 
present moment a certain amount of success Beeras to be 
attained in Australia; hut rival industrit^s or the unskilful- 
ness of the rearers seem to prevent the attainment of any 
success of practical value. The United States, j)erhaps, 
may he regarded as excej^tional in this respect. Not only 
have they developed their own breeds, but th(\v have estab- 
lished a most complete silk industry from the worm to the 
finished product. 

The most remarkable development in the silk industry 
was brought about in 1877 by Lord Masham, who, after 
many failures, succeeded in producing cheaply and success- 
fully utilizing a most useful silk yarn from waste silks — old 
cocams, hrushings from the outside of the cocoons, throwing 
waste, etc. This develoiunent naturally lead to the utiliza- 
tion of wild silk, as tons of these pierced or spoilt cocoons 



Exports of British Wool (Sheep’s and Lamps’) from the United Kingdom. 

In Thousands of Lbs. 


WOOL, SITiK, COTTON, ETC., (JEdWTNG INM’STKIES ;ii 


- I I 


cc — *+1 Cl . 

!■ 


I M iqi I 


X I- I- 
I I' IC X 
CC Cl Cl 


cc -t n cc 
cr. , CO '-t 

^ -t I--- 


X 1 - 
, C. )C »c 

Xj cc »c 


I - Cl -H X Ci X X X 
CO C C' C Cl ~ CO 

c; X o; cc^ cc »c i - i -- 

o Cl 


I 


Cl 0-. X 
1- 1^ 

1 " I- 


Cl c 
Cl CO 
I.c CO 




^ -x c ^ cc cc 
CO CO O X X X X 
I— iXOfCCOCOwCCO 


irt -I- Cl *+ cc Cl o 
Cl >c c; CO Cl c. c cc 
CD X X 1 ' LC cc X Cl 


>0 -f CD c; -H o Cl ' 
X O CO Cl Cl cc O c 
Cl CO cc Cl IQ (M I- ' 
lo" ‘O ^ ^ ■: 


c: 1 - 
CO C' 
X CO 


f-H* Cl 


; bo 


C3 0 


o , 
H ^ 




B o 

^'5 
O' S 
PPPn 


’ o w 

'h 'W i 9 




- - , -C O 

o-n 

3 .S «' 

tH ^ •« 

o o cJ ai o 

5 5 -5 


cjo 



36 


TEXTILES 


1 1 1 r“ I 


. r ^ C — ' or 

i;ii S’"'* 


• ]£ C X X 
I o; -H (X 1^ 

■ X c 'Tl I 


c^i ?■: X ;r X X r 
r-J CJ Tl- I - X C » 


^ 

Ci tj5 pH irl (J4 


” Ic 5 s i r ? i; X’ g u: = £ s 1 00 
^c.o:«„^T 4 oo-^£^^ 2 ^•,ig 3 

=■- CO , = _ _ 


<M X «ri - _r 


5 c'tJ S Is 

! 2 £ 5 J: 


'illiillPi'Wftiii 



WOOL, SILK, COTTON, KTC., GROWING INDUSTRIES 3 



Total .... i 794.ol.> s<>0,8r>‘> Ol8.{M7 b23.i!33 413.054 I 1,042.399 



Colonial and Foreign Wool (Sheep’s and Lambs’) Re-Exported from the 
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Imports oi» Mohair into the United Kinodom. 



hi 1 Jill Till kfy. 1 

i-'iotii South .Ml ICR. 


Ills 

e 

Ills 

L 

1909 

10,80:}.290 

079,207 

19,112,0.50 

821.282 

1910 

11,285,454 

704,520 

18,474..202 

801,444 

1911 

0,5:12,02 1 

401,218 

18,712,008 

800,775 

1912 

10 511!), 000 

027, 1 25 

21,410,180 

1,0.20,2.28 

19111 

10,402,:{00 

041,009 

18,522,197 

912,112 

1914 

9,007,s:i9 

.559,102 

17,591,882 

882,919 

1915 



1 1.180,028 

72!).950 

1910 



1 1.215.019 

722,721 

1917 

- - 


.2,514,005 

282,980 

1918 

— 


5,577,54!! 

541,870 

1919 


— 

19,200,047 

2,144,041 

Jmport^ 

OK Alvaca, 

VlCONA, AND Li.A.MA WooL INTO 


THK 

Initkd KiNMJDOjM. 


Yr.n 

1 

r< Ml 

I'lOIM 

('lull 


Ih-, 

t 

Il.» 

; L 

1909 

4,827,858 

205,007 

122,085 

1 21,049 

1919 

5,429, 108 

299,252 

429.270 

21,181 

1911 

: 5.019,512 

271,800 

255.002 

20 210 

1912 

j 2,122,015 

105,101 

l8l.-9.'» 

10.078 

i9i;i 

5,422,280 

288.951 

288,908 

19,177 

1914 

4,295,190 

225.052 

199,217 

11,404 

1915 

0,729 225 

408,.2S0 

1,219,029 

95,225 

1910 

5,272,410 

202,802 

480. 185 

20,998 

1917 

5,120,482 

409,92 1 

4.59,2(;7 

15,107 

1918 

0,179,782 

1,278,294 

.555,221 

: 128,8.5!) 

1919 

2,02.5,022 

1 400,875 

1.000„297 

1 170,922 


— supposed to be unworknble — wc.ro aviiilii)>lo. Ihus was 
developed the remarkable trade known as the “ spun silk 
trade.” Curious to relate, however, the latest disoovw-y is 
that many of these wild silk cocoons can he reeled, as will 
be further explained in Chapter XV. The suiiplies ot wild 
silks are not yet exhausted, as news is just to hand of the 
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Total European and American Wooc. Imports. 



IDIO. 

iini. 

1912. 

1913. 

Australasian 

Cape . 

Hales. 

2,411,000 

:i77,ooo 

HaU‘s, 

2,524,000 
.370, (KKJ 

Hales. 

2,4(>:i,OtK) 

! 40.3,000 

Hales. 

2,290,(K10 

484,000 

Total Colonial 
River Plate . j 

I 2,7HS,000 
401,000 

2,000,000 

400,000 

2.020,000 
497, OIM) 

2,780,000 

437,000 

Total. 

j :{,249.000 

j 3,30y,(M)0 

.3,423,000 

3,217,000 

— 

nil 4. 


1 19H), 1 

1 

[ 

Australasian 

Cai)e . 

Hal<‘s 

2,:}22.000 

400,000 

Hales 

l,07S,tM)0 

414,000 

Hales. 

1,781,000 

4.53,000 


Total Colonial 
River Plate 

2,8;31,(KK) 
400, tKK) 

2,302,1MK) 

Unavailable 

2.234.(KM: 

Unavailabl<‘ 


Total. 

3,237,000 

2,392,000 

1 

2,2:34,001) 



discovery of wonderful iiesis of cocoons in Africa (Congo 
State), arrangements for the exploitation of which are only 
just being made. 

“ Net ” silk (silk threads reeled directly from the cocoon) 
comes to us in the form of what is known as “ singles,” a 
thread composed of just a few strands — say six. In the 
English “ throwing mills ” several of these singles are 
thrown together to make up a thread of the required thick- 
ness, with little twist if for weft, or, as it is termed, “ tram,” 
and much twist if for warp, or, as it is termed, “ organ- 
zine ” \see Fig. 25). 

Waste silk is received in this country in three other forms, 
viz., wild cocoons, waste silk* in the gum, and wastt silk 
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discharged. All *111680 forms are, however, worked up on the 
same principle, which will be describc^d later. It is reported 
that the tropical forests arc full of a usable waste silk which may • 
be gathered and placed on the*, marked, at \(L ]>er lb. If this bo 
true, there are great jiossibiliticjs before the waste silk industry. 

The Cotton Industry. — The cott.on industry seems to be of 
Asiatic origin, and Jij>f)(‘ars to have a]>])«‘rtained more par- 
ticularly to the Mahometan religion, as we hear of Mahomet 
going about wdth the Koiun in one hand, a sword in the other, 
and a cotton shirt upon his back. As already pointed out, 
flax, being a material itiore r(‘adily sjmn, would naturally 
claim first attention. It seems probable, howcw^^r, that India 
was unsuitable for flax cultivation, while the cotton plant 
was (‘.vidently indigemous. Thus attemjits would no doubt 
be made to utilize*, this very nice-looking fibre, and eventually 
cloths very suitable for the Indian climate would be j)roduced. 
These fabrics being slii])j)ed to Europe no doubt ultimately, 
resulted in the cotton trade being established in vai’ious 
centres, but only on a very siuall scjale. It was, as we have 
alr(‘ady seem, the nu'chamical era which gave*, life to the cotton 
trade and resulted in the development of thci cotton -growing 
industry in the United States, the West Indices, Peru, the 
Sea Islands, Egypt, and later— under the aus]jices of the 
British Cotton Crowing Association— in Africa. Our chief 
supplies of cotton still come from the lljiit(‘.d Stat(!s. Egypt 
and the Sea Islands send us long-stapled cottons suitable for 
the Bradford trade, whih* Peru su]>]bes us with a woolly 
cotton very suitable for blending with short wools f(*r the 
Leeds and district trade. 

In Fig, 3 the chief varieties of cotton are illustrated. 
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Fig. 5 .— The Cotton Fibres of Commerce. Scale, ] inch to 1 inch 
Arranged and photographed by F, W. Barwick, Esq., of the 
Manchester Chamber of Commerce Testing House. 
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BRAZILIAN. Ceara. 



BRAZILIAN. Pemam. 



'’BARBADOS. Sea laland. 



1:<>VPTIAN. Aba<>si. 



NYASSALAND. Eifyptiatt. 



Fig. 3.- The C'ottou J^Thres of Pomraerce. Seale, } inch to 
J inch - cuntiNutU. 
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EGYPTIAN. Yannovlich. 


PERUVIAN. Smooth. 


] 


PERUVIAN. Rouirh. 


PERUVIAN. Sen Inland. 


AMERICAN. Carolina Sea Island. AMERICAN. Qeoreia Sea Island. 

Flu. IJ,— The Cotton l^^ibres of Coranierce. Scale, ^ inch to 
1 inch — continued. 
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AMBKICAN. Upland. cnilNtih. 

1^'lG. o. — The Oottou J'''il)ros of ('omiiierco. N .Je, J iiicli to 


1 inch — ('(miimml. 

The coiton-j^rowinp: countries of tlie world are shown in 
Fig. 4, from which it will be noted that practically the torrid 
zone is the cotton zone. Of course soil and other conditions 
in part determine whether cotton can be grown, but it is 
evident that much heat is desirable and even necessary, 
and, as a consequence, that the best available labour is 
black labour. The United States has its ‘‘ black belt,’ 
and in our attempts to grow cotton in our Colonies -and in 
the case of French Colonies also — it seems as tho.ygh we 
must be largely dependent upon black labour. 

The cotton iibre is produced on three varieties of plants, 







A Bale weighs about 500 U»3. 



WOOT.. SILK, COTTON, ETC., GL’OWTNO TNOrSTlUES 47 


viz., Gossypinm JIarbadtiiise, or the true Sea island cotton 
plant, which, yieldhif^the l)eKt type of col ton, is the original 
basis of much AinericaTi, Egyptian, and hidian cottons/ 
Arboreum or tree cotton, yielding a rouglnu* cotton, coming 
to us from Brazil and J‘eru ; and Ilerbaceum, oi- the variety 
of the ordinary cotton jdant from which American cotton is 
largely produced. 


The Flax Growing Industry. — The dax libni is one of the 
oldest fibres of wliich we have nny records. The Biblical 
refereiua'S to tla\ (or linen) are numerous, and remnants 
of old linen fabrics are frequently coming to light in tlie 
exploiaition of the sites of the older civilizations. The writer 
has just been asked to analyse some linen fabrics dating 
back some ‘2,000 to 3,000 years. The following are tlie 
results : — 


List VIL— Analysis of Mummy Ci.oths. 


Weight per yard, 
54 X ;i() . 
Counts of \v;irp . 

Counts of wolT . 

.Threads per iindi 
Picks per inch 
Strength of waiT 
(single thread) . 
Elasticity of warp 
(single thread) 
Strength of weft 
(single thread) . 
Elasticity of wett 
(single thread ) 


Clnlli 

N(t 1. 

Nn 'J. 

N.. 

Ni. 1 

No. 6. 

J,iitni 





- 

S o/s. 

' 

1 2 07,.S. 

12; 07s. 

|0,; 07S 

lU; 07S. 

1 1 g 07S. 

V2e 7 

';in:{ 

i':{2-7 

',21-S 

';29i 

linen 

'/15s 

linen 
' lO’s 


linen 

'/IS 1 

linen 

V2;t8:j 

linen 

linen 

linen 

linen 

linen 

linen 

45 

(’•0 

2S 

SI 

.'.0 

80 

i:; 1 

i 

IS 

27 

'Jo 

“7 



2‘77 o/.s. 


i-;n 07S. 

1-5.5078. 

1 

1 

•272" 


1 -.524" 

•478" 

1 -(Wi o/,vS. 


,'.•01 07S. 

- 

5-'Jl4 07S. 

' 1*7 ozs. 

•172' 

- ! 

•147 J" 


•2SS" 

HH4" 

1 
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The flax fibre, coniing as it does from tli(^stem of tlie flax 
plant, naturally requires very different climatic conditions as 
compared with the cotton fibre. Although its cultivation is 
still very dispersed, the chief flaxes are Irish, Belgian, Dutch, 
German, and Russian. The stalks when judged to be ready 
are pulled up by the roots, either by hand or by one of the 
recently introduced pulling machines, placed in the dam to 
rot or “ ret,” as it is termed, dried and “ scutched,” this latter 
operation rc'sulting in the cortical or non-fibrous matter being 
separated from the fibrous matter. Dew retting is practised 
on the Continent, and sometimes chemical retting also ; but 
whichever system is adopted, the idea is simply to separate 
the fibres from the cortical and pith-like substance with which 
they arc enveloy»ed with as little damage to strength, length, 
and colour as yiossible. Many subst itutes for flax have come 
forward from time to time, but none have stood the test, with 
the possible excejition of cotton, which seems to have made 
considerable encroachments during the past few years. China 
grass or Ramie may in the future have some influence on the 
flax industry, but it has hai'dly yet been felt. 

Other Vegetable Fibres.— It is useful to obtain a general 
idea of all the vegetable fibres, as one cannot foretell which 
type is likely to (?ome more markedly into use, or what 
particular type of plant is likely to yield a fibre suitable for 
special and up-to-date requirejnents.^ In List VIII. the 
origins of the various “ vegetable hairs ” are given. In List IX. 
the physical compositions of the vegetable fibres are given. 

1 The use of Sisal hemp in the place of horsehair by the Italians is 
a case in point. 
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List X. is a pri/ctically complete list of the vegetable hairs 
and fibres. 


List VJIT. -Ykcktaulk TIairs. 


OriKiTi. 

N.itiitfil Older 

Tjiucal Examplrt 


I'Aralvaeoa* 

1 Aseli piadaep;e 

Cotton. 

Entirely eovoriiii!:, or in 

Aladar Jobre of India 

part covoihig th(i m'(h 1 

1 A]»oc\na(‘(':e 

jN-invinivlo. 

Id'lnotlieraeeie 

Wdlow-Herb. 

ContaiiK'd in the flower . 

( Tv]»l>aM“ie 

I’nllrusli. 

/ Cy]»(M'aeeM‘ 

( 'ottoii I liass. 

Liniiij,' int(‘rior of fruit . 

l)oniba<‘(‘a> 

( Hors(‘-( liestnnt. 

( lied Silk I 'olton of Tnili.t 

Twigs and liMiies , 

( l’'ilic(>s 
iMnscim'io 

I'enis 

J’(‘al-moNs l'’il)re 


List TX, — Vechtarrr IOjoiks. 

(a) Fiures roiniEi) or Sixolk Cru.s: 

EaDii(5 — d Im' .'I t (H 1 . 
tdiinu ( iiiihH— (liMnt(‘ii:ral(*d. 

Flax — di.siiil(‘rr'i'alo(l y/.r., too fai icited). 

(/>) Fibres assck iatia) in IJcnolks: 

Juto— iinbleacli(‘(l. 
l<’hix. 

Docoan Ib'Uip. 

Kai 1 1 ie — not liisi 1 1 togral (mI. 

Jh iiip -woll proparoil. 

(r) Fibres 'KxiE'i iir.ii with Mki)XHa,ary L\y Cki.i.s, 
SiVal IIciiip. 

(d) FiRRES TO(ii:illKR WITH PARENtHiAlA CELLS : 

Slum Hemp. 

Mudar Filae of India. 


(e) Firrks a no A'essei.s: 

I’hormiuin tenax or New Zealand Flax. 

Musa or Manila iiemp. 

Ananas or Pineajiple and liaiuma Fibre. 

E 


T. 
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List X.— Complete List op VEOETAbLE Hairs 
AND Fibres. 




Tftcliinr.'il 

Nttino. 

Local or Goiieral Name and 
LocjUion. 

Hfjriitiflc Name. 

Cotton. 

1. Tree (\)ttoii . 

Gossypium arboreum. 


2. American, Afrujaii, and 
Indian Cotton 

„ Barbadense. 


2a. Sea [aland Cotton . 

„ maritimuin, etc. 


2l). Jbirnvian or Drasiil 
Cotton 

„ acuminata. 


11. Asiatic; Cotton 

„ hei'buceum. 

Kapok 

Wliite Silk (k)tton of East 
Indies 

Eriodendron Anfractu. 

Semul . 

Red Silk Clotton of India . 

Bombax Malabaricum. 

Silky ( \)tton 

Down Tree of AniKinia and 
Jamaica 

Ochrnma Lagopus. 

- ” 

White Silk Cotton Tim* of 
India 

Cochlospenmim Gossypium. 

VegctaLlo 

“Miidar” or “ Yercuui” of 

j ( ’alatropis giganteu. 

Silks 

India 

1 ,, procora. 

>> ,, 

Of Bengal .... 

Beauiuontea gran did ora. 

M 

“ Yachan ” of the Argentine 

Chorisia insignis. 

Flax . 

Flax or “ Lin ” . 

liinum usitatissum. 

Iloinj) . 

Sunn Hemp 

Crolalaria juncca. 

Sisal of India and (Queens- 
land 

Sida rhombifolia. 

i« • 

Manila Hemp 

Musa textilis. 

)* 

Sisal Honeopien or Yucatan 

(Agave rigida. 


Hem]). (An aloe) 

(Var. longifolia. 


Chinese Tb'inp . 

Abutilon, etc. 

• • i 

t>ommoii Hemp . 

Cannabis sativa. 

” * ■ 1 

Rajmaliel 1 lemp of Northern 

1 India 

Marsdeuia tenacissima. 

White llo})e 

Bombay or Manila Aloe of 

Agave vivipara. 

Fibre 

America and J^last India 


5> ,, 

Istle of Mexico . 

„ heteracantha, 


Maritius Hemp of South 
America 

Fureroea gigantea. 

Flax-like 

Buaze Fibre of Guinea and 

Secui’idnea longipedum culata. 

Fibres 

Nileland, etc. 

,, ,, 

Siberian reronnial Flax 

Linum peronne. 

Flax abd 
Hemp Sub- 
stitutes 

^ Spanish Broom . 

Spartum junceum. 

\ Keudu Fibre . 

Apocynum Venetum. 

Jute • 

Jute of India and China 

Oorchorus capsularis. 
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List X. — Completk List of Vegetable Hairs 
AND Fibres — continued . 


Lucal 01 (ieneial Nauk* and 
J^ocatioii. 


Jute . . I Jute of ('alciitta . 

,, . . ,, Aiiienca . 

,, . . ! ,, Wt'.sl Africa . 

Jute-like ' I'ilne from Laj^o^ 

Fibres j 

China Grass Tclioii Ma (Tern pei’ale Zone) 
,, ,, Hamie oi- Rhea (i'orrid Zon<‘) 

,, ,, ('anada Nettle h'ibre . 

Nettle Filires Tasliiai’i (Himalayas) . 

,, ,, Nildri N(‘ttle 


l‘alm Loaf 
Fibres 


Hibiscus or 
Mallows 


IJaii-Surat of India and 
( Vylon 

J»an-Rliea of As.sam . 

Hrera I'hbre of Natal . 

Maniaki of Pacific Islands . 

Rert* of I’acific islands 

Oil Palm Ihbrc . 

Gri-yri Fibre, of West Indies 

Raffia of Madagascar ami 
Africa 

Corogo Fibre of ('uba 

Jdantain and Panana Fibre 

Pineapple Phbre of East 
India 

(Vragiiata of i Paraguay 

Pingum of Jamaica and 
America 

fSilk Grass of Jamaica and 
Tobago 

Madaguxar Pias.sava . 

! Deccan liimip. Also known 
as Kaiiatf and Ambari 
llemji 

Okro 

Koyelle or Red Sondle 
, Maholtine (Africa and 


Porchorus Olitorins. 

Abntilon Avicmnne. 
IToiickeiixa ficilbba. 
Honckenya ficifolia. 

lln'hmerin nivc'a, 

Vanatiim tenacissima. 
Jjapoitea ( anadensis. 
Debrc'geasin II) ]>olenca. 
Girondina heti-rojilivila. 
Maoiitia jmrga. 

La])ortea crenniata. 

Villoliriim a intergrifolia. 

Urera Rdiax. 

Pi])lnrns albidus. 

Cy])h(dobus niacroceplialiis. 
Ehx'sis Guineensis. 

I 

I Astroca. ^ . 

I Raphia Ruttia. 

' Acrocomia Tiasiospatlia. 

Musa sapieniium \ar. jiara- 
, disia<-a. 

' Ananas .saliva. 

Rromelia Argmitina. 


Iironieliasor Fiircroea ( 'ubensis 

Diety os])erwa Piassava. 
Hibiscus Pannabinus, 


„ esculeiitus. i 

„ Sabdarilfa. 

Abutilou perij[)locifohuin. 
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List X. — Oomplkte List of Vegetai^le Hairs 

AND F I UR Es ~coH/i n ued. 


T<‘fhni(Ml I.Kcal 01 CJt'iK'ial Naino aud I 

Nam.-. Locatu.ii. ! .Vmutili.- Name. 


liibiscuH or 
A1 allows 


Lc'^'iiiiiiiious 
( hdor 


llowstriji;jf 
Ik-] ups 


l>.‘)ii-o(]na of India, or T^iciia loliata. 

“ Toza ” Kihro of Wosf 
Africa 

Lidiau Mallow H<*in]) . . | Alnif.ilon AvicoiiiuT. 

Dliiinclii Ih'iij]) of Assam . j Scsliaina aciiloata. 


and . I'lU'rariu Tlninlior^iana. 


Ka Jh-ni]) of China 
Jajian 

^laln Filin' .d' India and 
( Vylon 

Kon j(* 1 loniji of Zanili(*/i,o1c. 

I’an^^atK' Tloinp of Vanj>;an(‘ 
X('yanda of ( Vyloii 
lf(‘ llonipof South Africa . 
Mooi'xa of India . 

Somali Jiaud J'llirc* . . ' 


llanhima A’ahlii. 

Sujiscv K-ra (Ininensis. 

,, lon;.rillora. 

,, Knkii. 

,, Zi'vlariica. 

,, cylindrica. 

„ koxliur^diiana. 

,, ]']hr(*nl)i‘]-<>-ii. 


The {iveraf::e It'iigihs, practical and actual, and tlie average 
diameters of the jirincipal vegeta])Io tihros are given in 
List XI. In Fig. 5 the countries producing tlie more 
important vegetable lihres not specially dealt with here are 
indicated. The only lihres in these lists winch call for 
si)ecial comment are hemp, jute, and the two forms of 
China grass. 

Jute is the fi))re from what is essentially a torrid zone 
])lant and is largely used in the carjiet industry for sackings, 
while^hemp is not (luite so much of a torrid zone plant and 
is more particulaily used for ropes, especially for shipping 
as it sinks in the water, while ropes of some other materials 
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do not sink SO ibadily and are thus daiiRerous to small boats 
passing by. 

List XT.-'-WoRKiNfj LKN(rrHs anh Avi^ra(jk Diamioters 

THE pRlNCIPIiE VwjETARLE KiHRES (iN IN('HKs). 


N.iiiio Workiiio; 

iiii III s 

1. A«^nve Americiui.j oi Sisal .'Wl— (io 

Hdinp. A(i<ire t nfuht mt 
Hisalunn (True Sisal liomp) 

12. Anaiiassa or naiiaiui 1^’ibrf i Is— 72 

Anatnix Saiira (Pinoapjilo 
l^^ibro) 

lioehnioriji 'Nivoa or ('hin.i up to II 
rjrass 

•4. Pioohmoria tcuiafissiiiia or ditto 

Karnio , 

0. (o) ( 'oiiimon llonij) . . IS SI 

{l>) JMt'dinoiiti'sc or ( liaiil uii (o 1 1 1 
lloTiip 

(). ( ’orclioriis olitoriiis oi .Into. (id - 120 

7. (’rotaluria- jmicca or Suiiii 72 -Md 

Hcinp 

S. Ta'num usitatissiimnn oi 21 .'>0 

1^’lax 

' R. Alnsa toxiilif' or Aliiuila u]» to 00 
Hoiu]) 

10. I’horiiiimii tt'iiax or Xew i 00 102 

Zoalaiid 1^'lax ■ 


China grass (Bochmcria nivra) has so oftoii liocn to tbo 
foro as a newly discovered fibre and so otieii ])roved a 
failure that oik^ hesitates to speak of it. The Chinese, 
liowever, make such uiagnilicent textures from this filire 
that its prospects ea,nn()t be regarded as other than hopeful. 
Whether the Tndiaii form of the fibre, ramie (lUwhmcna 
tenaclsHinia) as it is frecpiently called, will ever yield such 
a plastic wonderful yarn and fabric as the Chinese get from 


i 

! vh. - fib nvoruge , y, 


t II ft -11 


ditto 


1 (I 
I 

Mil) I'l 


M J ■ ■ *t I. 
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China grass (Bovlunena nivca) still remains to be seen. 
Certainly the possible need for indigo planters turning their 
attention to growths other than indigo should at least favour^ 
a really serious trial. The gums in China grass are the 
greatest difficulty, necessitating its being prepared in a way 
entirely different from linen : when it is satisfactorily 
prepared it is so silky that waste silk machinery is the 
most suitable for d<^almg with it. The llrilniaim wi/ol comb 
has also been found to h(i very suitable for cotnbirig the 
slippery fibre. 

At the present moment a great revival in the New 
Zealand flax {PhormiiDii taia.r) industry is taking place. 
Whether success will attend the endeavours being made 
remains to be seen, but of this we may be certain, that 
there are still many fil)res only partiall,y exploited, and 
many which have not even been touched, which in the 
future are undoubtedly destined to play a useful part. 

Notes on the Chemical and Physical Structures of the Fibres. 
— The textile fibres of commerce naturally g»*oup themselves 
into six well-defined groups, viz., the animal fibres, the vege- 
table fibres, the animal -vegetable or insect fibres, tiie mineral 
fibres, the remanufactured fibres, and the artificial fibres. 

Of the first class the normal wool fibre may be taken as 
representative. It is composed of carbon, oxygen, nitrogen, 
hydrogen, and sulphur,^ and when burnt emits a disagree- 
able odour largely due to the liberation of ammonia, 
which serves to distinguish it from cotton and most other 
fibres. It does not burn with a flash, as does cotton, but 
rather shrivels away, leaving a bead of burnt matter. 
Wool has marked ^jowers of causing dissociation of certain 
metallic salts, this forming the basis of the mordanting of 

^ In Vhat manner these elements arc combined chemists are still 
uncertain. 




wools prior to dyciiiK. It is open to doubt as to whether the 
action of dyeing is entirely a chemical or partly a physical 
action. In the case of indigo dyeing, for example, there 
seem marked indications that the action is purely physical. 
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On the otiier hani4, this cannot be said with th(‘ same (*(‘rtainty 
of most otlier dyes. Physically, the most remarkable thing 
about wool is its exterior scale struct;urc (clearly shown in 
Fig, 6). Various qualities of wools have this exterior scale 
structure devclojied in different degrees. Wools seem to 
shrink chiefly because the. fibres ol which yarns and fabrics 
are composed tend to revert to their original curled condition 
as grown on the sheep's back, when treated with warm wat.cr. 
Wools felt chiefly by crimping ii]), <'ither on yarn kinks or 
nodes or on the curvature introduced into the threads and 
picks by the w('.ave. Thus the wool flbre seems in itself to 
be much more stabler than has be(Ui heretofore supposi'd. and 
milling is chiefly attributable to, as it wens tlu' a(;cordion 
pleating of the. yam and, more jiarticularly, of tlui fabric. 
Hairs only show more or less faint indications of the scale 
stnudure, and consequ(‘Tit<ly do not felt so readily. Upon the 
other hand, th(‘y uro usually more lustrous, the.ir uncorrugated 
and unbroken surface reflecting the light inbufl,. In fineness 
wool fibres vary from amHT <lhiiiHder, but 

there is no well-defined relationship between fimuK'ss and 
length, although the Bradford q\iality numbers, sucli as .‘50’s, 
40’s, 5()’s, 60’s, 70’s, etc., no doubt suppos(‘, some general 
coincidence between length and fineness of fibril In List XTT. 
the corresjmndiug Bradford and American (pialities aiv given. 
A year’s growth in length may eijual anything from 1 or 2 indies 
to 12 or 16 inches, a fair average being 7 to 8 inches. Wool, 
however, if left undi]>i)ed, will grow sometimes to 40 inches in 
length, and fleeci^s are on record weighing 57 lbs. The length 
of the wool fibre, as will be demonstrated later, largely i^eter- 
mines the method of preparing and spinning it into yarn. 

Of the second class, cotton is the most representative of 
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List XIL— Comparative Wool Qualities. 


EMgllHh. 

U.S.A Dompstic. 

U.S.A. Territory. 

Canadian. 

(»(»’. s— 74 's 

Full blood. 

Kitie. 


go's 

Thm*-quark>r blood. 

Finn modium. 



()n(‘-haif blood. 

Modiwni. 

Fine, 

48 H rA'R 

Throo-eigbibs blood. 

Thi'(‘e-ojgbtbs lilood. 

Fine medium. 

44’h- 48's 

One-quartor l>lood. 

One-quarkr blood. 

Medium. 

40'fi— 44\s 

Tiow oTio-quartor blood. 

TjOW orM’-qiiartcr blood. | 

J/)w medium 

— 40’« 

(Jo m moil. 

(’onimon. 

( loarise. 


Uraid. 

Braid. 

Luster. 


the “ secd-]iairs.” It is nearly pure cellulose, tiie formula 
for which is given by A. C. (Jrecn a.s 

H(t(OH)— CH— CH— on 

>o >o 

JIC(OH)- Cn-CJT.,. 

Flax and the other “ stem-fibre.s,” while largely (;oni])osed of 
cellulose,, are much less pure in composition, and in many cases 
by th(ur very im])urities may be distinguished from one 
another (see List IX,). 

Physically, cotton appears to take the form of a flattened, 
collapsed, twisted tube ; in fact its form is best suggested 
by a thin indiarubber tube out of which the air has been 
drawn. If unripe, the characteristic feature of twist is 
absent, and the cotton neither dyes well nor does it spin to 
advantage. In length the cotton fibre varies from J of an 
inch to IJ inches and in diameter averages about 
inch. Fig. 7 illustrates some interesting features respecting 
the structure of the cotton fibre. 

The chief characteristic of flax as viewed under the micro- 
scope is the appearance of nodes, these, no doubt, being 
limitations of growths. Flax may readily be recognized by 
the property it possesses of developing curious cross striations 
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when treated wit^ nitric acid and then snlplmric acid and 
iodine. Most of the vc^^ctablc fibres may bo reco/rnized by 
some special chemical reaction. Thus jute, for example, may 
be distinjj;uished from flax, etc., by the action of an acidulated 


a 


b 


d 



Figs. 7 iind S. --MicT<»^n'aphs of Cotton Kibv(‘s : [n) nnri ])0 libre» 
(h) ri]>e fibre, (« ) iiicrcovized fit)re. Mierogr{i])b oi Silk Fibre : 
[d] illustrates the Uot’old ehiiraeter ef the silk libre and the 
8]»littin^^ and o\])iinsi()n of the fibrils wlii<di occur in some Tussah 
Silks. 

alcoholic solution of phlorogluciue, flax being unchanged, 
while jute is stained an intense red. 

Of the third class silk is the representative fibie. In most 
of its chemical reactions silk is akin to wool, but there are 
differences which enable the dyer to cross-dye silk and wool 




60 


TEXTILES 


goods — i.e., to dye the silk one colour anil the wool another 
colour, although there are obvious limitations in this respect. 
The silk fibre consists of two distinct parts, a central portion 
and a coating of substances readily removable by hot water, 
termed the “ silk gum.” The central portion of “ fibroin ” 
has approximately the composition : H23 N5 Og. The silk 

gum, which often forms as much as 20 to 30 per cent, of the 
natural silk fibre, is usually boiled off, and only too often 
weighting added, which has a deleterious action on the wearing 
(jualities of the silk. Why silk should so readily weight-up 
does not entirely admit of a satisfactory explanation. It is, 
of course, a most expensive fibre, and as weighting agents 
cost 1.9. per lb. and as silk sells at ]2.s\, weighting naturally 
pays well. Physically, silk may be defined as a long fibre 
(cocoons contain from 400 to 1,500 yards) of a twofold 
character, this being due to the silk fluid issuing from a gland 
on (*.ach side of the silkworm, the ducts from these uniting in 
the head of the worm. Under the microscope the fibre appears 
more as a glassy rod of fairly round form (Fig. 8), but from 
time to time the twofold character is jierceptiblc in following 
along the fibre. In fineness it is from to of an inch, 
the finer being the cultivated silks and the coarser the wild 
silks. A peculiar feature of the wild tussah silks is that upon 
the fibre being cut it breaks up into a number of fibrils, forming 
a bush-like end. This makes the fibre specially suitable for 
the production of plushes. 

The mineral fibres are ])rincipally glass, tinsel, and asbestos. 
As they are of very limited application, their chemical com- 
position and physical qualities need not be fully discussed 
here. Glass naturally partakes of the qualities of ordinary 
glass, but is much more flexible than would be naturally 



WOOL, SILTC, COTTON, ETC., GROWING INDUSTRIES 61 


supposed. Tinsel Is made from copper, ahiminiiim, and other 
metals drawn out, and ])artakes naturally of iho qualities of 
the metals from which it is mad(‘. Asbestos ]>ossessos charac- 
teristics which cannot be W(‘ll d(Tined on ])ap(u. As woven 
into cloth it is irrej^ular, lum]>y, soft, and plastic. It is 
naturally mostly emf)loyed next to heated surfaces, for 
firemen’s jackets, etc. 

The remanufac-tured fibres can only claim distinctive 
treatment from the phy.sical ])oiiit of view. TIuy mostly 
consist of animal fibres which have been broken up in length 
and the scab*, structure of whic^h has been partially damaged. 
The important (piality of elasticity has also been seriously 
interfered witli. 

The artificial fibres are of such importance that it has been 
deemed advisable to devote a sjx^cial chajiter to them. 

Notes on the Effects of Chemical Re-agents on the Textile 
Fibres. — The effects of evmi simple re-agents are so marked 
and so diverse that it is viuy necessary to have an accurate 
and extensive knowledge of such under all iLe varying con- 
ditions obtaining in practice. For instam^e, boiling water 
will disintegrate and weakiai wool while it strengthens cotton. 
Again, sulphuric acid and caustic soda have very diffiuent 
actions on the (;otton and wool fibres. Sulphuric acid with 
heat may be enqiloyed to disintegrate tin* cotton out of a 
cotton and wool faliric, while caustic soda may eiiually well 
be employed to dissolve the wool from tin; cotton. Cold 
strong caustic soda, however, may be employe.d to mercijrize 
the cotton in wool and cotton goods without detriment to the 
wool. It is thus evident that absolute knowledge based jipon 
incontrovertible experience is necessary if mistakes are to be 
avoided and the best results obtained. 



CHAPTER III 


THE MERCERIZED AND ARTIFICIAL FIRRES EMPLOYED IN 
THE TEXTILE INDUSTRIES 

Mercerized Cotton. 

The term mercerization is now applied to a process by 
means of which cotton yarn or cloth is rendered lustrous and 
silky in appearance, and the importance of the process has 
made enormously rapid development since its introduction in 
1895. The production of lustre is accompanied by con- 
siderable modifications in the structural appearance, chemical 
character, and dyeing properties of the fibre, and these 
latter effects of mercerization were first noticed and 
investigated by John Mercer in 1844. 

Mercerization without lustre is carried out by steeping the 
dry cotton in a cold concentrated solution of caustic soda 
(NaOH, 50 ^Tw.) for a few moments, and then well washing 
to remove the alkali. This changes the microscopic appear- 
ance of the individual cotton fibres from that of flattened 
spiral tubes with thin walls and a relatively large central 
cavity to that of more or less cylindrical non-spiral tubes 
with thicker walls. The effect in mass of this modification of 
the fibre is that the threads contract in length, become some- 
whaj thicker, and much stronger; the dyeing properties 
being also considerably modified. Chemically the process 
results in the formation of a definite chemical compound of 
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cellulose and caustic soda (CgHioO^-NaOlljx in a state of 
hydration. On washinj^, this is decomposed, the alkali 
being removed and the cellulose regcuierated as a hydrate 
(CgHioOg'ITgOlx which permanently retains the altered 
appearance and properties above noted. 

The natural shrinkage thus brought about is made use 
of in the production of crepon effects on mixed cotton and 
wool fabrics. 

Lustreing by mercerization is obtained by a very slight 
modification of Mercer’s original process ; tlui shrinkage of 
the yarn or cloth which would naturally take place being 
prevented by mechanical means. 

“ Mercerization ” may also be brought about by the use 
of substances other than caustic soda, e.g,, sulphuric, nitric, 
or phosphoric acid or zinc chloride ; the use of these being 
mentioned in Mercer’s original patent. Sodium sulphide 
has also been proposed, but none of these bodies are of any 
practical importance in this connection. 

The Process. — The essentials of the proK^ss are very 
simple, but for economical and efficient working the follow- 
ing points require attention : — (1) The caustic soda solution 
should be used at a strength of about 5.5'^ Tw. and as cold 
as is possible without artificial cooling ; (2) the material 
must be thoroughly and uniformly impregnated ; (3) the 
material must be kept in a state of uniform tension until 
the water has decomposed the alkali cellulose ; (4) as 

much of the caustic soda as possible must be recovered ; 
(5) the cotton must be of long staple and the threads must 
not be too tightly twisted. u 

Many different mercerizing machines have been intro- 
duced, and their relative success depends upon the degree 
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to which they satisfy conditions Nos. 2, C, and 4 specified 
above, and ai-e economical as regards output and labour 
required. The soda recovery apparatus is another import- 
ant feature of a modern mercerizing plant. In this the 
wash waters are evaporated to mercerizing strength, and 
the recovered soda is treated with lime to recausticize 
the portion which has been converted into carbonate during 
the vai ious oi^eratioiis. 

Bleaching and Mercerizing.— If cotton is bleached after 
mercerizatiori the process of bleaching does not destroy the 
lustre of the mercerized fibre ; but this sequence of opera- 
tions offers no advantage, and the maximum lustre is always 
obtained when the material is subjected to as little treat- 
ment as possible after morccudzation. Treatment with 
bleaching powder after mercerizing is also liable to rot 
the fibre by oxidation. 

The Dyeing of Mercerized Cotton. — It has already been 
mentioned that mercerized cotton has a much greater 
affinity for many mordants and dyes tlian has the untrc^at/cd 
fibre. The effect is greatest in the case of cotton mercerized 
without tension, and diminishes somewhat as the tension 
is increased, being least marked in fully lustred cotton. 
The difference in the chemical properties of mercerized and 
unmercerized cotton is the main cause of their different 
behaviour in dyeing, but structural or physical change has 
also a considerable effect. 

Irregular mercerization is a frequent cause of irregular 
dyeing, and special precautions must be taken when the 
cotton is subsequently to be dyed in pale shades. Some 
further information regarding the dyeing properties of 
mercerized cotton will be found in the next chapter, p. 87. 
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Crimp effects on Cotton are obtained by iiicrcerizing cotton 
cloth in sLrij)(3s or other patterns by a printing process, the 
natural shrinkage of the mercerized portion producing the 
crimp. If ])rinted and mercerized under tension, lustre 
patterns may be obtained on cotton cloth. 

Crepon effects on Union Cloth. -Wool fibre is practically 
unaffected by caustic soda of mercerizing strength, and if 
suitably woven with cotton and the fabric mercerized, tluj 
shrinkage of the cotton throws up the wool into loops or 
knots. 8ilk-cotton unions may be similarly lr(*a((‘d, but 
require great care in manipulation. To ensure that th (3 wool 
or silk is not injured it is usual to artificially cool the caustic 
solution before and during use. 

The Schreiner Finish. — This process of increasing the 
lustre of cotton is so closely connected with mercerizing 
lustre from the practical standpoint that imuition should 
be made of it lieie. It consists in subjecting cotton cloth to 
the action of an engi-aved stool roller under great pressure. 
The engraving consists of very tine serraUons, numbering 
400 to 700 per inch, and these imoducc o])iieally ladlecting 
surfaces upon the threads which very greatly enhance the 
lustre of the material. Cotton lustred by mercerization 
and subsequently treated with the Schreiner calender rivals 
silk in appearance. 

The Production of Mercerized Cotton is one of the most 
important recent dcvelofuneiits in the to.xtihi trade, having 
practically enihdu'd it with a new fibre almost as lustrous 
as silk, and much l(‘,ss costly. One of the main defects of 
mercerized cotton is that its lack of elasticity renders fabrics 
made from it very liable to crease. 

Test for Mercerized Cotton. — A solution of iodine in 
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.satiirat(Ml ]H)tassiiini iodide, solution eoloiiVs both ordinary 
and merec'rized cotton a deep brown. On washing with 
wat<‘r, the. colour of niero(*rized cotton changes to a blue, black, 
whi(*.h fa.d(‘S very slowly on long washing, wherc'as ordinary 
cotton ra.])idly b<‘cojn(‘S white on washing. 

Artificial Silk. 

The silk fibre, consisting of the solidihed fluid of the 
silk glands of the worm, is devoid of cellular strirctiire. 
AVool and cotton, on the other hand, are highly organized 
fibres from the structural standpoint, being composed of a 
vast number of individual cells built up in a definite and 
orderly manner. It is thus impossible to conceive of the 
mechanical production of a fibre resembling wool or cotton 
in cbaractcr ; but in itsbroad(!st outline the proliban of tbe 
production of a fibre similar to silk is not a difficult one. 

The problem involves two main features — first, tbe 
production of a viscous liiphd analogous to that naturally 
existing in tin* silkworm glands, and, secondly, the mechanical 
conversion of this into fine fibres. 

Tbe second part of tbe ])roblem offers no insuperable 
difiiculiies ,* in fact artificial silk fibres are now produced 
which arc much finer than those of natuJ‘al silk (Thiele 
silk). 

Tlie composition of tlie viscous hbpiid may he chemically 
similar to natural silk or may he of an entirely different 
character. The first artificial filament which resembled 
silk in appearance was spun glass, from which fabrics of 
brilliant lustre and considerable softness may he produced. 
These are, however, of little value, since the fabric rapidly 
disintegrates on account of thp. hril.tlp iininrr* iVm 
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Vanduara Silk* is obtaiiK^d liy using golatino as a basis, 
the threads, aft(T s])inniiig, being treated with formaldehyde 
to render them insolu])le in water. It is a boantifiilly 
lustrous fibre, and fairly strong and elastic in the dry 
condition, hut if wetted it beconu's extremely tender. It is 
now little, if at all, used. 

Gelatine may also be rendered insoluble by the combined 
action of ehromie acid and light, and this has formed the 
basis of an artificial silk process ; but no practical success 
has been achieved on these lines. 

Cellulose Silk.— All the comuKUcially j)roduccd artificial 
silks are ohtaiiu'd hy using some lorni ol cellulose as a l)a,sis, 
and in this connection mav he mentioned tlu‘ nanu's of I)g 
ClidrdoHnrf. Pauiij, Lchucr, Vh'ivr. ThlrU\ Cross, Bcraii, Slcor)i 
and HroHiicrl silks. Tlics<‘ a.r(‘ knenvn umh'f such mimes as 

(^ollod KOI siU\'s. ' (ildir.slofj Ldsfro-oclldlosi’, and Gour- 
taidds’ or “ Visrosr silkP 

Gellulosc, the chemical basis of cotton linen, W'ood, and 
the striudural portion of veg<‘tahl(‘. gicwGi generally, is 
chemicailly a very inert suhstanc.(‘, and only a few ways of 
dissolving it ar(‘ known. 

(1) VVdieii conv(!rt(‘d into nitro-cellulose by tnuitnuMit with 
nitric acid, cellulose Ix'comes soluble in alcohol-ether. The 
various “ collodion ” silks are thus produced. 

(2) Gellulosc is soluble in a concentrated solution of zinc 
chloride, or 

(2) In ail a,mmonia.ca.l solution of hydrateil oxidi^ of co])per. 

(1) If cotton is mercerized with caustic soda and treated 
with carlion disulphiih* while still saturated with the alkali, 
it forms a new chemical compound (cellulose thiocarbonatc) 
which is soluble in water; the solution being known as 
“ viscoSe.” 

F 2 







(5) Acetates of cellulose may be produced Vhich are soluble 
in various solvents. 

Kacli of these five methods of dissolving cellulose forms the 
basis of a (*.ommercial process of manufacturing artificial silk. 

(1) Collodion Silk . — This was the original artificial silk, 
and was first patented by de Chardonnet in 188G, after sur- 
mounting many difiicultJes, due chi(^fly to the inflammability 
and lack of strength of the fibre. The chief names connected 
with this product are those of De Chardonnet, Lehner, and 
Vivier. 

(2) Bronnert Silk is made from a zinc chloride solution 
of cellulose, but this process has not made such rapid develop- 
ment as 

(3) The Cu'pramnionhm process^ which yields the Patdi/y 
Linkmayer^ and Thiele silks, which latter is, as regards appear- 
ance and handle, almost indistinguishable from natural silk. 

(4) The F/.s‘(usy: Silk of Cross, Be,van and Steam is now of 
chief importance. Its production has ])een mainly dev(‘loped 
by Messrs. Courtaiilds’, who manufacture it on a very large 
scale. The total world's jnoduction of artificial silk is now 
well over 10,000 tons [)er annum, of which probably 85 per 
cent, is Viscose silk. 

(5) Acetate Silk has recently (1920) been ])lace(l on the 
marki't, by the liritish Cellulose Co., ]jtd. 

Properties of Artificial Silk— The charactt‘.ristic properties 
of natural silk which render it so much esteemed as a textile 
material are its beautiful lustre, softness, elasticity, strength, 
and covering power, and the ease with which it can be dyed. 
With regard to lustre the artificial silks exceed the natural 
fibre, some having almost an imdesiraljh^ metallic lustre. In 
softness and general handle certain varieties of artificial silk 
are somewhat deficient, but this defect has been overcome by 
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building u[) llic thr(‘a(l from a large nuiiilxM* of line filaments, so 
that a thread of 40 denier may contain 40 to 80 of such 
filaments. Such artificial silks are equal to natural silk in. 
softness and covering power. All artilicia.1 silks n(‘t‘d special 
care in winding and in the loom. 

In ('Idshrilj/ and shrn(/lh artificial silks ar(‘ som<‘wliat. defi- 
cient ev(‘n when dry. and when wetted th(‘ (hd’ect is gn^atly 
accentuated, ddiis rmders carelul treat nmnt in dy«Mng \'ery 
necessary. 

Dyeing Properties. Tin* various artificial silks diller con- 
siderablv in dvi'ing ])rop(‘rties. ('ollodion silks dye for thi‘ 
most part similarly to natural silk, while Pauly, Liiikmayer, 
and Thieh'. silks and Viscose silk behave much more like 
cotton (see (lha[)ter IV.). 

Fabrics entirelv' composi'd of artificial silk have only 
recently been suc-cessfully juoduced, but it has for some time 
been largidy usi'd as wtdt \arn. and still more largely in the 
production of plushes and trimmings. 



CHAPTER IV 

THE DYEING OF TEXTILE MATRPJALR 

Eyeing procesHOs vary in character according to the 
textile material operated ui)on and the nature and proi)er- 
ties of the colour desired. Thus, e.//., the production of 
scarlet shades on wool and on cotton requires entirely 
different processes, and the method used in producing a 
blue on wool with indigo is quite distinct in character from 
that required for dyeing logwood black. 

Many (but by no means all) of the processes used in cotton 
dyeing are carried out without lieat. Hilk is usually dyed 
in lukewarm baths, while wool dyeing processes are usually 
conducted in boiling baths. Silk is almost invariably dyed 
in the hank or warp ; cotton usually in tlu' form of hank, co]) 
(or bobbins), warp, or cloth ; while wool is dyed at aJl stagt‘S 
of manufacture, viz., as loose wool, sliver, hank, warp 
(occ,asionally), and in ])i(‘,ce. 

The various dyeing niat.(‘rials are appli<‘d to the fibre in 
aqueous solution, from which they are withdi'awn either 
])artially or completely by simple ahsoiption or by some 
chemical action of the fibre. So-eall(“d “ dry dyeing ” is a 
special process used by garment dyers in whicli l)eiizine or 
other .similar organic solvent is employed inst(‘ad of water. 
The object of the |)roeess is to avoid the nmioval of the 
stiffening materials present in the fabrics. 



TtlE DYEING OK TEXTILE MATEIUAI.S 


71 


The number of disliiict dyes now on tlio niarlu'.t is very 
large (upwards of 1,000), and with a h'w notalde exceptions 
they are all clionucally derived from coal tar pnalucts. Of 
the natural dyes still commercially used, indigo and logwood 
are much the most important; hut a few others, such as 
cochineal, fustic, and orchil, find a mon' limited ap}dica,tio!i. 

In addition to the dyeslulT its(‘lf, various chemical bodies 
are required in dy(!ing operations, some being essential 
constituents of the ultimate dycal colour (mordants), and 
others merely aiding the solution or fixation of the dye 
(assistants), lii this short summary of dyeing op(U‘atioiis 
no exhaustive tn'atiiient eitlua- of dy('stutTs, mordants, or 
assistants is possible ; but many cxamj)les of eacli will be 
incidentally mentionf‘d. 

Mordants, 'riiis Uiim is apjdied to substances whicb 
serv(^ a double ])iirposo, viz., they unite both with the fibre 
and with the coloiii'ing matUir, and thus fix the latter on 
the librc, and at tin; saiiU! time the newclumiical compound 
forimul by mordant and dyestiifV has frecfn ntly an entirely 
different colour to that of the dyestuff itself, I'diig in fact 
the real dym The mordant is usually appliiid in a separate 
process before dyeing; but with an increasing number of 
dyes the mordanting comes last, and in some casi'S the 
mordant and dye are usiid togetlun-. Tlui chemical nature 
of the mordant must depend upon that of the dycntulf. 
Jn wool dyeing certain metallic salts are largely used 
(bichromate of potash, alum, sulphates of copper jind iron), 
wdiereas in cotton dyeing tannin matters are largely used as 
mordants for the basic dyes. In dyeing silk, dyi'stiiffs 
which do not n'(|uire UKU’dants are chielly employed. 

Assistants. — A large variety of acids, alkalis, and salts 
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are used for various j)iirposes in dyeing. ‘The acids chiefly 
employed are siiljdiiiric (vitriol), acetic, and formic, all of 
wliicli are used with acid dyes. Carbonate of soda (soda 
Jisli), caustic soda, and ammonia a-re the chief alkalis used, 
wliilst sodium cliloride (common salt), sodium sulphate 
((J]a.ul)(‘r’s salt), and many other salts are em])loved in various 
cas(‘s as additions to the dye-bath. The role of assistants 
is very varied and cannot be shortly summarized. 

Dyestuffs.™ Tn vii'w of the enormous number of dyestuffs 
it is impossible to deal with them w^ithout ado])ting some 
m(‘thod of class! fmation. Various methods of classiticathm 
may be adoj)ted, but that based on imdhod of a])j)lication is 
the most coiivamient for the present ])iirpos(‘, and this dis- 
tinguishes tin', follow'ing groups : —(1) Mordoni djfes : (2) Acid- 
mordaot dijcs ; (3) Acid dyes ; (t) Dir^rt dyes ; (5) Basic dyes ; 
(0) Dyes applied by special p'oeesses. 

(1) Morda)it dyes. — Many dy(\s of this group arc “fast 
dyes,” and are e.xtremely resistant to the action of the light 
and to such ])rocesses as washing and milling (fulling). 
They must be used in conjunction with some metallic mor- 
dant, such as bichromate of ]Hjtash or alum, and can be 
applied to all fibres, though they are chiefly used in wmol 
dyeing. 

Example. — Boil the wmol for one to two hours in a solution 
of 3 per cent, bichromate of potash (calculated on the weight 
of the w^ool) ; w\ish and boil in a separa te bath with the 
dyestuff. 

Dyes of this group are not, as a rule, ca])ab]e of producing 
brilliant colours, being chiefly used for blacks, navic'.s, browuis, 
olives, _ etc. The group includes the alizarin, anthracene, 
chrome and diamond dyes, logwood, madder, and many 
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others. C()(;liinea1 also l)(*loiigs to this groii]) ; in oonjunotion 
with tin mordant- it produces a brilliant scarlet colour. 

(2) Acid -mordant dyes. — These dyestulTs hav(^ very 
similar properties to the last groni), but are ajiidicabh; only 
to wool. They are of increasing imiiortance and include 
the acid-alizarin and acid-antliracciH* dyes, the cloth reds, 
etc. They are applied in an acid bath and subsequently 
treated with a metallic mordant. 

(3) Acid dyes are largely used both in wool and silk 
dyeing, but are not applicable to cotton. They are not 
used in conjunction with mordants, but are dyed direct 
with the addition of 2 to 4 per cent, (sulphuri:- or formic) acid 
to the dye -bath. They vary considerably in regard to 
fastness to light, some being very fast and others com- 
paratively fugitive ; but as a class they are not so fast as 
groups (1) and (2). They are also more readily affected by 
washing and milling (fulling). 

This grou]) is a very numei’ous one and comprises a 
complete range of shades from the tuightest primary 
colours to black. 

(4) The Direct dycs.—Mcm]w,rs, of this group have the 
special property of dyeing cotton without the aid of any 
mordant. Many of them are also used on wool, on which 
fibre they produc(‘. shades which are last to milling. They 
arc also used on silk. Tfie method of a]>plication to any 
fibre is very simple, the only addition n‘(piire(l l)eing salt or 
Glauber s salt, with or without a little soda ash. 15y ciu'tain 
methods of after-treatment (“ saddening " and develojiing ”) 
some of these dyes are rendered much fastei* than when dyed 
in the direct manner. Practically the same complete range 
of shades is obtainable with the direct dyes as with the acid 
colom’M. 
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(f)) The Basic Colours . — This grouj^ is niniierically 
smaller, and in range of colour less extensive, than the 
groups of mordant, acid, or dirnit dyes. It iiududes, how- 
ev(‘r, the. most hrilliant (iy(‘s known, rliodamine pink, aura- 
mine yellow, malachite green, methylene blue, magenta, 
and methyl violet heing well-known examidos. The basic 
dyes (with few exceptions) are not used on wool, since they 
are a])t to rub (smear). On silk they are dyed direct, with 
th(i addition of a little soap, but cotton recpiires to be pre- 
viously mordanted with tannic acid or some form of tannin 
matter. The most serious defect of this groui) of dyes, as 
a class, is that they are fugitive to light. 

(G) J)}/es applied hif special processes. — Indigo. — This is 
the most important of all dyestuffs, still retaining its pre- 
eminence in spite of the largo number of c()m])etitors and 
substitutes which have been introduced. It is used very 
largely both on v/ool and on cotton material!-, lull less com- 
monly on silk. Being (piite insoluble in water, a special 
method of application is necessary, and this is the same in 
principle whether used for wool or cotton. The process is 
based U])on th(‘ bud that wdieii indigo is acted ujion by wdiat 
arc chemically known as rediK^ing agents, the blue in- 
soluble substance is converted into a colourless body wdiiedi 
is soluble in alkali.s. The necessary ingredients in an 
indigo vat are thus the indigo, .soon* alkali (linn' or soda), 
and some reducing agent; and the various kinds of vats hi 
use differ chiefly in the nature of the latter. In the 
“ w'oad vat,” which is largely used in the dyeing of wool 
materials, the reduction is due to a specific bacterium wliich 
is introduced by the w'oad ; certain other subst inc(‘s, such as 
bran, madder, molasses, etc., being also necessary to supply 
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foodstuff for the bacteria,. I’his vat is used warm, and 
when once ‘^set" may remain in use for several months, 
being systematically rejdenished with indigo, etc. Thu 
“ hy(lrosulj)lnt<‘ vat ' Cdiitams indigo, lime (or soda), arid 
hydrosiilphiie of soda,. a.nd may Ix' nsi‘d wa-rm {for wool) or 
cold (for cotton). The “conpeia.s vat" is nia,d(i np with 
indigo, lime, and copjieras (ferrous siil])hate) and is us(‘d for 
cotton. 

The procc'SH of dicing in the indigo vat consists in 
saturating the material with the vat licpior and, afl(‘r 
Bipieezing out the excess, exposing the material to the air, 
wdieii the colourless reduc(‘d indigo becomes I’apidly 
re-oxidized on the tihre into the original hliie indigo. 

Synthetic or ‘‘ artiticial ” indigo, heJiig chemically idmi- 
tical with natural indigo, is apjdied in tli^. same manner. 
There are now several distinct hut closidy associated 
sviillieiical dyestuffs in addition to tlie tnui ‘‘artilicial 
indigo.'* Th(‘y arc. all dved in similar msmiei, hut yu'ld a 
variety (d' hlue, purple, red and hrowii sli.<.d'-. 

Til dyi'ing dark indigo hlnes on wool niateiials it is usual 
to “bottom” the w^ool with some otluir (cheapei i colouring 
matter lad'oro dyeing in the vat. Fn'ipientl) also the 
indigo is “ filled up” or “top})ed after vatting, (dilKU* with 
the same object or in ordm* to im})art a “ bloom to the 
colour. IL'avy shades of l)ure vat him; are ran'Ty met 
with. 

AVell-dyed indigo vnt blue jiroduees extremely fast sliad(;s 
on wool. It retains its line bloom and brill iancy almost 
indehnitoly, and washing does not affect it in the lca,st. It 
also wit-hstaiids s(*a air, hut oi coiirsi*, it “ bol/tomcd oi 
“ topped,” the associat'/d dyestuffs may be affected. The 
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one defect of vat blue is that the colour *“ rubs off.” This 
cannot be entirely prevented, but the more sldlfully the 
dyeing process is carried out the less noticeable is the 
defect. Indigo blue is less fast to light on cotton than on 
wool. 

The Vat dyes. -This term is a])|)lied to an important 
grou]) of mod(‘,ni dyes which, like indigo, are a])})lied in the 
reduced condition by tiie v^at method. There are two suIj- 
groups, the ” iiidigoid " and the ” anthracene ” vat dyes, 
the former ])eing chemically closely related to hidigo and th(^ 
latter to the alizarin dyt^s. Although soimi of tlnmi may be 
applied to W(k>1, they an* of the nmst value as cotton dyes, as 
by tlieir use it is |>ossible to ])roduc(‘ a wi(l(5 rang(; of })ra(^tically 
” fadeless ” colours. 

The Sulphide dyes are of gn*at importance for the pro- 
duction of ‘‘ fast colours ” on cotton. The group iiududes 
many blacks, blues, dark greens, browns, and yellows, but at 
present a good red of this series has not been ]uit on the market. 
They are most conveniently dyed on war[)s, but are also used 
on pieces and hanks. The gcuieral nud-hod of a[>plication is 
to dissolve the dyes (wliich an* insoluble in water) in a solution 
of sodium sulphide, some sodium carbonate', and Glauber’s 
salt being also freepiently used in the dye-])ath. The baths 
are used wartn and dyeing must take place below the surface 
of the liepior. 

A very serious defect of the sulphide dyes is that cotton 
dyed with them is liable to become tender (rotten) on 
storing. This is due to the slow develojmient of sul])liuric 
acid by oxidation of the sulphur associated with tlie 
dyestuff. The defect is most liable to occur in stoved union 
goods. The teiiilering may be m-evrmted by any treatment 
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which leaves tlie goods in a ])ermaiiently alkaline condition. 

The sulphide dyes are fast to “cross-dyeing” and to 
alkalies and milling. 

Aniline black is another dye which recpiires a special 
method of ai)plication, ))eing of such an insoluhle and 
chemically resistant nature that the only jiracticahlc method 
of using it is to actually produce it on the lihre by suitable 
chemical reactions. It is the most brilliant, dense, and 
permanent black which can l)e ])roduced on cotton, and is 
dyed, chiefly on cotton varn and pieces, in larg<* amount. It is 
little used on wool or silk. Aniline black is obtained by the 
oxidation of aniline, a basic substance (CVd Jr, -Nl 12) ])roduced 
from the coal tar hydrocarlion benzene ((V.Hfi)- A bath is 
prepared containing aniline oil, hydrochloric (or oilier) 
acid, and some suitable oxidizing agent. The cotton is 
saturated with this liejuor and then “aged” (hung in a 
warm, moist atmosphere) or otherwise subjected to oxidizing 
conditions. 

As in the case of indigo, aniline black is apt to “ rub olT ” 
if badly dyed. Another defect which can he avoided by 
skilful dyeing (hut only in this manner) is tendering of the 
fibre. This may lie due either to undue acidity of the bath 
or to oxidation of the fibre. 

Aniline black is a very “fast” colour. Tt witlistands 
“cross-dyeing ” perfectly and is also last to light, washing, 
milling, etc. If dyed in a special manner it is unalTected 
by the very sevm’e processes involved in cotton bleaching 
(“bleaching black”). It is most readily attacked by 
reducing agents, such as sulphurous acid, which turn it 
green, and long exposure to the atmospliere of a room 
where gas is burnt may thus cause “greening.” 
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The Ingrain dyes. — The hirm “ ingrafti ” as applied to 
dyes is a very old one. Tt is now used to desif^nate a 
certain scries of cotton dyes— chieny reds — wliicli arc 
produced on the fibre. 

Para (or paranitraniline) red is produced on yarn, warps 
or pieces, hy lirst impregnating the cotton with a colourless 
solution of (i naphtliol, drying and “ developing ” by 
])assing through a solution of paranitraniline treated with 
nitrous acid. The red is ])roduced instantaneously. It is 
a very brilliant and fairly fast colour and is largely used as a 
substitute for Turkey red. 

Primuline red is a, som(‘wlia.t similar dye, hut is produced 
ill the ri'verse way. The i^dton in this case is dyed with 
])rimuline (a diri'ct y(‘llow dye)^ tlieii treated with nitrous 
acid, an<l tiic yellow colour '* d(*,veloped ” into a red by 
treatment with (-i najdithol. 

There are also black, blue, ])urple, brown, and yellow 
dyes belonging to this series, but they arc not much used. 

Turkey red has somewhat of the same ]u*e-eminen(‘-c as a 
red on cotton that indigo vat blue has on wool. Its pro- 
duction is a special branch of dyeing, carried on in special 
works in a, few districts (Manchester and (Glasgow ). It 
really belongs to the class of mordant dyes, but is produced 
in such a special manner that it may more fittingly be 
mentioned in the section of special dyes.” The cotton, 
in yarn or pic'ce goods form, is first treated with olive or 
castor oil, then mordanted with alumina, and finally dyed 
with alizarin. Many subsidiary processes are necessary 
in order to thoroughly fix the colour and develop its full 
brilliancy. Well dyed Turkey red is a bright scarlet 
colour and is very fast to all intluenccB. 
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Watkii ttskd in Dvr.iNa. 

In no indiisirv is a ])lcniiful su])i)]y of pure soft of 

more importance tlian in tlyein^, ilie use of iinsuilahK; 
water resultin^^ not only in consi(l(‘ral)le waste of niMicuial, 
but also in l)a(l \vork. Perfectly pure wjilm* Is, liowever, 
never available in suHicient (pianlity, siiic(' it is not 
found in natural sources, and thus tlu* differtiuce in tlie 
quality of various w'aUu’ su]5])lies is lai\a'ly one of dc^M-(U). 
The chief impurities naturally ))resent in watiir are tlie 
carhonates, sulphates, and chlorides of lime and magnesium, 
W'hich im])art to the w'ater the property of forming a curdy 
scum with soap, usually termed “hardness.” A “soft” 
'Nvater is most suitable for dyeing, but “permanent hard- 
ness,” which is due to sulphates and chlorides, is much 
less harmful in d\eing than the “temporary hardness” 
caused by carhonaTes. In wool scouring or any otluir 
process in which soa]) is used, both kind.s of hardness are 
0 (pially injurious, an<l the lime-soaj) curd w 'nich is produced 
adheres to the fibre and causes much subscqmmi, trouhhi 
and damage in dyeing and finishing operations. Tiii! 
wastefulness of hard water is wdl illustrated by the fact 
that 1,01)0 gallons of water of oidy 10 hardness wdll 
destroy and reiuhir not oidy useless, but dangerous, 15 to 
20 lbs. of ordinary soa)>. 

Iron is a not infreipient imimrity in w’a,ter sup})lies, 
particularly such as are obtained from coal measures, and 
water containing iron is totally unfit for use in a dye-house, 
since iron has a dulling and darkening effect on many dyes^ 

Water of less than 5'^ of hardness may be considered as 
of good quality for dyeing, particularly if the hardness 
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is nicainly “ permanent.” If the oiil 3 f available supply 
exceeds 8^^ or lO^Mn hardness it should be “softened” by 
clieniical treatment before use. This can usually be done 
at a cost not exceeding h/. to CxL per 1,000 gallons. 

The organic im])urities in water have usually little effect 
on dyeing processes, unless the water is contaminated with 
the refuse from other works. 

Reference may also be made to the desirability of using 
soft water for steam-raising in order to prevent the jn’oduc- 
tion of “ boiler scale.” 


iNTRRDKPENnRNCE OF PhOCESSRS. 

In order to i)roduce the best possible result it is not only 
necessary that the raw material of which a textile fabric is 
composed should be of good quality, but that all the various 
opei’ations involved in its manufacture should be carried 
out with proper skill and care and with a duo regaj-d to 
each other. Thus the carder or comber, the s[)inner, the 
manufacturer, the dyer, and the finisher should each work 
with a sufficient knowledge of the bearing of his particular 
operation on the other processes of manufacture. 

The high degree of specialization in the textile trade in 
some districts renders co-operation between the various 
\)nuic\\es spcciaWy necessary and at tlae same time speciaWy 
difficult. This frequently causes grent trouble to the dyer 
who may bo merely instructed to match a given shade 
without being given information as to the processes which 
the material will afterwards undergo. This lack of 
information makes it impossible for him to select the most 
suitable method of dyeing to fit the conditions, and an 
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element of risk is# introduced wlucli is entirely umiecessiirv 
and sliuLild he eliminated. 


PllOC KSSKS PUELTMINARY TO DyEINO. 

In order that l)right, clear, and fast colours may lx; 
produced in dyein^^ it is necessary that the textile maiej*ial, 
wluitever its character, should he, thoroughly cleansixl fi’oni 
all grease, dirt, and other impurities before the dyeing 
process is carried out. The treatment recjuisite for this 
varies. In the casii of wool the cleansing process is known 
as “scouring,” while the “bleaching” ot)eration lias a 
very similar oliject in the cas(‘ of cotton, and silk is 
“boiled-oir.” 

Wool Scouring.~lhnv w’ool is naturally covered with a 
preservative greasy niaiter, termed “yolk,” to which also 
adheres a considerahle (piaiitity of sand, dirt, and otlu'r 
foreign matter; the amount of pure wool varying from 110 
to 80 per cent, of the weight of raw' wool. The “ scouring ” 
or “ washing ” of raw wool has the oliject of removing 
these impurities, and the ])rocess is curried out liy tn'ating 
the w'ool with warm (not hot) solutions of soap with the 
addition of ammonia or carbonate of soda. This emulsities 
the yolk, the sand, etc., being then readily waslu'd away. 
Scoured wool is usually oiled before carding or (fombing, 
and this oil, together with dirt, (Tc., contractrd dtirhig iha 
various stages of manufacture, must be rmnoved by a second 
scouring operation before yarn or piece dyeing. 

Ellicient scouring has a great infliuiicti on the dyer’s 
work and on the final appearance and (juality of Ibe jueces. 
If wool is not properly scoured the colour is a] it to be dull 
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and to “ rub ofP,” or may be uneven or skovv dark or liglit 
s])ots, bars or selvedges. On the otlier hand, if the scouring 
is too severe the fibre* lias a diniinislied lustre, a yellowii-h 
eohuir. and a harsh f(*el. 

“Boiling-off” Silk. — This operation consists in treating 
the raw silk in (at least) two successive soap baths ; the 
first one being used at a medium temperature, and the 
second boiling. It has the object of developing the lustre 
and soft feel of the silk by removing the “ silk gum” with 
which the fibre is naturally encrusted. Silk may, however, 
be dyed “ in the gum ” or only partially boiled-off. 

Cotton Bleaching. — The amount of impurity natui-ally 
present in raw cotton is small, hut the raw fibre is not in a 
suitable state to be dyed, as the “cotton wax” present 
renders the fibre very non-absorbent. “ Bleacbing for 
white ” is carried out by treating the iw cotton successively 
with boiling lime-water, boiling caustic soda, and cold 
dilute bleaching powder solution, with intermediate treat- 
ments with cold dilute acid and many washings. Goods 
which are to be dyed need not he treated with bleaching 
powder, exce})ting in the case of i)ale and delicate shades, 
but the oarluu' operations are always necessary. 

WoOTi DveINO IhlOCKSSES. 

When a fabric entirely comj)OHed of wool is dyed in 
the piece it is ol)vious that a plain colour only can he 
obtained. If the design of the cloth includes differently 
coloured threads, the wool must be dyed before weaving, 
e,g,t as yarn; while certain effects (mixtures, etc.) can only 
be obtained by spinning together differently coloured fibres 
into the same yarn. 



TIIK DYEING OF TEXTILE MATEEJAT.8 


83 


This last-mentioned case necessitates the dyeing of the 
wool in the form of sliver or of loose wool. 

The form in which the wool is dyed (whether as loose 
wool, sliver, yarn, or cloth) greatly influences the choice 
of dyes to he used. Some dyes produce good, fast 
shades, hut tend to dye unevenly ; and such may he us(al 
for loose wool wliere any irregularity disap})eJirs in carding, 
spinning, (itc., hut are inadmissible in ])iece dyeing where 
absolute evenness of shade is essential. On the other 
hand, the cloth is not scoured after piece dyeing, and, 
therefore, dyes may be used which would he injured hy the 
scouring process. Loose wool, however, must he dyed wdth 
dyes which will withstand scouring. 

Dyeing of Loose Wool.— I jooso wool may he dyed in square 
wood or stone vats heated hy steam pipes, or in cii’cular 
iron vats heated externally hy lire. The wool must ho 
stirred occasionally with poles to equalize the action of the 
dye liquor, hut since this tends to felt it, discretion is 
necessary. Loose* wool is now usually dyed hy packing it 
into p(*rforated receptacles which are <‘ither moved about in 
the hot liquor or through which the liquor is circulated hy 
means of a t)ump. These newer mechanical processes are 
now largely used, as they leave the fibre in a free and open 
condition. 

Slubbing (Sliver). — After carding or combing, the thin 
film of wool fibre is “ condensed ’’ into a ribbon of sliver, 
and may be dyed in this condition either in the form of 
hanks or wound into balls (tops). At this stage of yarn 
production the fibres have little coherence, and the hanks 
or tops require careful treatment. Tops are dyed in an 
apparatus in which mechanical circulation of the liquor is 
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provided for, but hanks of slubbiiig may be treated in the 
same way as yarn. 

Yarn Dyeing. — Yarn may he dj^ed by hand or by machine. 
In the hand method the hanks are liung on sticks whicli 
rest across oblong vats containing the dye liquor. The 
hanks are systematically moved about in tlie liquor and 
pulled over the sticks. Dyeing machines are also largely 
employed, the liaiiks being mechanically moved about in 
tlie liquor, or the liquor mechanically circulated through 
the hanks. 

Piece Dyeing.- In this case revolving rollers cause tlui 
pieces to travel through or move about in the dye liquors. 
The pieces run either at full breadth (dyeing in open 
width) or gathered together as a thick strand (dyeing in 
rope form), according to the nature of the material. 

“ Woaded Colours.” — This term implies that the wool has 
been dyed in the indigo vat. A woaded blue should b(^ 
dyed with indigo aloiuq but in the case of woaded blscks. 
greens, and browns the indigo is necessarily combimd with 
other dyes. The term has lost most of its significance since 
the introduction of the alizarin and other fast dyes. 

Blacks on Wool . — Ijoffirood hlacLs are very usual. Th(^ 
wool is mordanted with bichromate of potash and dyed 
with loguood in a separate bath, a small amount of yiillow 
dye being used to neutralize the blue of the logwood. 
Beautiful blacks are thus 2u*oduced, but they have the 
great defect of turning greenish during long wear of the 
material. Alizarin blacks are obtained by dyeing ^\ith a 
mixture of alizarin dyes or chrome mordant. They do not 
“ green ” in wear. Both logwood and alizarin blacks are fast 
to milling and scouring. Acid mordant blacks (anthracene 
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acid })liiclv, diamond black, etc.) arc dyed with the addition 
of acid and are afterwards chroniod. They are fast to all 
inlluences. Acid blacks, such as naphthylamine and 
Victoria black, are dyed with the addition of sulphuric acid. 
Th(\y are fairly fast to light, but are not suitable for goods 
which are to be heavily milled. 

Dark Blues, Greens, and Browns on Wool. — These may be 
obtained by using dyes of any of the various grou])S 
mentioned under blacks. 

Bright Blues, Greens, Reds, Yellows, and Fancy Colours are 
cliiefly dyed with acid dyes. 

Cotton Dvring Pjiooksseh. 

Cotton is mainly dyed in the form of hanks of yarn and 
warps, less usually as piece goods. The dyeing of cotton 
on spools or cops is now rapidly extending, two types of 
jiiacbines being in use. In one type the cops are placed 
on p(‘rfoi’ated or groovcid skewers and tin* dye liquor forced 
through by a pump (skewer dyeing). In the other type 
the cops are closely packed in a tank, compressed, and 
the liquor forciid completely through the whole mass (pack 
dyeing). In warp dyeing a number of warps pass side by 
side continuously through a series of vats containing the 
imccssary mordanting or dyeing liquors. 

Occasionally weft yarn is dyed in lengths, as in the case 
of warps the yarn being subsequently rewound on to weft 
bobbins. This cannot be recommended, as it is not unusual 
for warps to be somewhat darker in colour at one end than 
at the other, and when rewound this may produce a stripy 
effect in the piece, (btton in the form of piece goods is 
dyed in the open width or rope form, usually the former. 
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The (lyeiiipj properties of cotton arc quite ditTerent from 
tliose of wool, and therefore the processes and materials 
used in the two cases are to a large extent different. Cotton 
has little affinity for metallic mordants or for dyes belong- 
ing to the mordant, acid, or basic groups. It has, how- 
ever, a definite affinity for tannic acid and for colouring 
matters belonging to the class known as “ direct dyes.” 
Cotton is dyed largely with this group, but tin; dyed colours, 
though bright and in some eases fast to light, are not fast 
to w'ashing with soai). Many of these direct dyes are also 
affected by acids. A considerable number (hut not all) of 
the direct dyes may be rendered satisfactorily fast by an 
after-treatment with metallic salts or by “ diazotizing and 
developing,” this aj^plying principally to dark browns, 
blues, and blacks. 

Past Blacks on Cotton. — There are two ways of producing 
exceedingly fast blacks on cotton, viz., by <]ycing it an 
“ aniline black ” or with a “ sulphide black.*’ Loth are 
largely used, the latter cliieffy for the waj-ps of pieces 
which are afterwards “cross-dyed” (see Union Dyeing). 
Aniline black is somewhat more costly than a black pro- 
duced by sulphide dyes, hut is considered superior in 
body, tone, and brilliancy. 

Fast Colours on Cotton. — Dark blues, browns, and greens, 
and a variety of gr(‘y.s, buffs, and pale, fancy shades, are 
obtaiiu'd by means of vat dyes (see ]). 70) and sulphide dyes, hut 
tln'ic IS as yet no bright re.d belonging to these groups. Tfui 
fastest bright red on cotton is Turkey red, which is obtained by 
oiling the cotton, then mordanting with alum and dyeing witli 
alizarin, Para red (f)aranitraniline red) is also v(*rv bright 
and fairly last. It is produced by saturating the cotton 
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with an alkaline! solution of beta-naphthol, then drying 
and passing into a diazotized solution of paranitraniline. 
In this case, as in aniline black, the dye is actually formed 
on the fibre. 

Cotton is also largely dyed with indigo in a similar 
manner to wool, but the vat is used cold and a chemical 
reducing agent is used (f<u*rous sulphate or sodium hydro- 
sulphite). 

Fast browns, drabs, etc., ore largely dyed with catechu. 

Basic Colours on Cotton. — These dyes are fixed on cotton 
by mordanting the fibre in a solution of some tannin 
matter (sumach or myrabolans), then “ fixing ” in a solu- 
tion of some suitable metallic salt (tartar emetic or stannic 
chloride), and finally dyeing. The basic colours comprise 
a series of extremely bright reds, yellows, blues, greens, and 
violets, as well as many duller colours. As a class they 
are fugitive to light. l)ut there are excei)tions to this. 

Dyeing of Mercerized Cotton.- The gemu-al dyeing proper- 
ties of mercerized cotton are similar to those of ordinary 
cotton, but the afliiiity of mercerized cotton for the direct 
dyes, the sulphide dyes, indigo, and para red is much 
greater, and the shades obtained by using a certain strength 
of dye solution are mucli deeper and richer. On the otlicr 
hand, mercerized cotton dyes less easily than ordinary 
cotton with ])a.sic colours. If the cotton lias not been 
('.venly iiKinuu'izi^d it' is impossible to prodiu^o level shades in 
dyeing. 


Union ])yeino Puocessks, 

Union goods com}>osed of cotton and wool n^quirn special 
methods of dyeing. A common process is to dye the cotton 
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ill ilio warp, the dyc'd cotton beiiifr tlicn woven with un- 
dyed wool weft. Tile pieces are then “cross-dyed” with 
acid dy(!S wliich colour the wool only. The cotton warp 
must, of course, he dyed vitli colouring; matters (such as 
the sulpliide dyes) which are uiuitTected hy hoiliufj; dilute 
acid. Another ])rocess lar^^ely imide use of in low-class 
unions is tn iirsi dyti the vool in the ])iece with acid 
dyes, and then to “till up " the cottcui hy mordanting; with 
tannin and dyein^^ with a basic colour, the whole of the 
cotton treatment heiii^^ conducted in the, cold in onler to 
avoid staining Ihe wool. AVhen a uniform shade is 
r<'<|uired on both (ihr.'.s tlu' union !n;it<‘rial may lie dyed with 
direct dyes which colour both woid and cotton. 


Silk 1)yeino raocKSSEs. 

Silh is iisualU’ dyed in hank form ; and closely associated 
with the dyein^f is ihe so-called weighting process. Silk 
has the peculiar pro]H‘rty of alisorliing certain metallic 
salts and other hodies( tannin, glucose, etc.) to an enormous 
extent without injury to its lustre, and hy suitable treat- 
ment it ('an in this manner he weighted to such a degree 
that 1 Ih. of raw silk produces 2 to 3 Ihs. of dyed and 
W'eighted silk. This weighting process is very geiieial, 25 
to 50 p('r cent, of added w'eight being usual. Tlu' ]>racti(^e is 
greatly to hi* deju’ecated W'heii carried to excess, as it injures 
the wa.'ariiig jiroperties of the fibre. ITire silk has excellent 
lasting properties, hut over- weighted silk wall gradually heconu* 
rotten riKU’cly by storagiL 

Wild Silk (Tussur Silk) is very diflicult to (lye, and a 
good black on tussur can only he produced hy a few 
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dyers. Ifc dyes readily witli basic dyes and fairly well 
wdtli acid dyes. 

Reeled Silk (Mulberry Silk) lias, ^(‘nerally speaking!:, similar 
dyeing propertif^s to wool. It. is cliieHy dyed at about. 80 C. 
with acid or ba,sie dyes without mordaut., and tlnn’e is no 
diflieulty in olitaining a variety of brilliant colours on this 
fibre. In boiling batlis wool dy(‘.s deeper colours than silk, 
but at low tem|HM‘atiir(‘S the relative aflinity is reviwsed, and 
an intermediat(‘ tniijaTature niav therefore be usuallv foiiinl 
(varying with each (ly(‘) at which the t^\o libn‘.s d \ e 
equally. 

Silk is rarely dyed \\iili indigo or with mordant dyes, 
excejding in tlie case of blacks. 

The dyeing of black silk constitutes a special liraiicb 
of the dyeing trade and needs considerable experience. 

The T)ykin(j of Aktieicial Silk. 

The artithdal silks, being essentially constituted of 
cellulose, have dyeing properth's^siinihir to those of (‘oiion, 
but the various kinds of artificial silk differ eonsideiably in 
this respect. On account of the low tensile strengili of 
many artificial silks when wetted, great care is reijuircd in 
dyeing these fibres. They are liost dyed at a conijiaratividy 
low tempfTature with basic dyes (without mordant) or with 
direct, dyes. 

Colour ArATciiiNO. 

In dyiiing any material to match a given shade great 
care is required to ensure that the two will match under all 
conditions. If the “ matching off” is done by gaslight the 
two may bo quite dissimilar when viewed by daylight This 
' See pp. OG GO. 
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well-known fuel is due to the different o'ptical properties of 
the vaiious dyes. Two blue dyes, for example, may appear 
identical in hue, hut when each is mixed with the same 
amount of the same yellow dye the resulting greens may 
dilTer considerably. If examined spectroscopically the two 
bliKJ dyes will he fouTid to have dilTerent abBor[)tion spectra, 
and this is the fundamental cause of their different behaviour 
in mixtures or when viewed in different lights. The special 
opt ical properties of the various dyestuffs are thus of great 
importance in “ matching off ” or dyeing to shade. Equally 
important is the character of the light by which the colours 
arc view'ed, and the light reflected from a white cloud into 
a window with a north aspect is considered the most suit- 
able. The near presence of a red brick wall or any other 
coloured surfiice is quite sufficient to disturb an accurate 
match ; direct sunlight or a deep blue sky being also fatal 
i!i matchitig certain greys, drabs, etc. Tlie use of a 
perfectly uniform light of tlie same character as a north 
dayliglit thus greatly simjdilies the accurate matching of 
culoursd The difficulties caused by the different ahsor])tion 
spectra of dyes can only ho eliminated by a spectroscopical 
examination of each, or ))y using in hulk d3"eing the same 
dyestuffs as w’ere employed in dyeing the pattern which is 
being matched. 

Eastness riuuMurn es of Dyes. 

That some colours are “ fast ” and others are “ fugitive ” 
to light is a matter of as common knowledge as that some 
will wdtiistand w’asliing much better than others. These 

* ISiich u light is lu l)c iuiiiid iu the “ Xhilito ’’ lamp of Dufton & 
Gardner. 
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differences are inherent to tlie nature of the d^^es and are 
not (usually) due to defects in the methods of application. 
Thus the proper selection of dyes is of the p;reatest import- 
ance to the production of satisfactory results. It is obvious, 
for example, that material which is to he used for stuff 
curtains should he dyed with dyestuffs which have f^ood 
fastness to light, fastness to washing being a secondary 
consideration ; on the other hand, yarn which is to be used for 
making socks or underwear must be dyed \Nith washing-fast 
colours, the effect of exposure to light being here less 
important. Agn,in, in the case of woollen goods wliich arc 
heavily fulled (milled), if yarn dyed the colours must ])e able 
to withstand that somewhat severe operation, and cotton 
warps which are made, up with wool weft and then “ piece 
dyed” must be dyed with colours which wull not be affected 
by boiling dilute acid. Each case must thus be si^ecially 
considered from this point of vi(nv as w’ell as regards tiio 
question of producing the desired colour. 

Tables have been drawn up showing the fastness 
jU’operties of the various dyestuffs in regard to lighi milling, 
scouring, cross-dyeing, ru])biug, washing, steaming, hot- 
pressing, etc., but it is impossible to usefully summarize 
such lists, and on this point manuals of dyeing must be 
consulted. 



OIIAPTET^ V 

THH lMUNril*LKS OF SPrNNINO 

It TiiHV srrni soiiirwhat out of ordiu not to ^m’v(‘ lu’iority to 
and cond)ing. I>ut tlic cud may justify tlu’ 

means. 

Just as weaving naturally (hw(‘loped Indore spinning, so 
did spinning naturally dev(‘lo|) liefooj tlu; many interesting 
and ingenious pr()e(‘sses A\lii(Ji to-day precaMle tlic s])inning 
operation, reud«‘ring tliis operation niucli (easier of aeconi- 
plishment and vastly more p(*rfeet in Its results than was 
the case in tin* olden days. In dealing with spinning prior 
to dealing with tht^ ])reparatory proeessi's, tlien, we are but 
following tlie liistoin? evolution of tin* [)rocesses : and in so 
doing we haA(^ the great gain of knowing (‘xacdly what is 
re((uired- wliat are tlie iKaiessary conditions for a “good 
s])in”— and (am theredon* nioni peide(d-ly realize tlu^ mi son 
d'etre of tlui various j)ro(‘ess(‘s to Ix' subse(pieiitly dealt with 
and (lescrihed. It jnight 1)0 (contended tha.t, following out 
this ])rinci])le, wcuiving should l)e first dealt with. There is, 
houever, a natural limit ])(‘yond which we may not pass 
without loss jatluT than gain. 

Spinning may ])e deiimxl as the art of throwing a number 
of more or less short fibres together in such a way that, being 
drawn out to form a com])aratively fine filannmt, they grip 
one ariotluT by reason of tin', surfae,e friction and the twist 
inserted, thus forming a C(jmj)aratively firm, strong thread. 
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Thus spinning primarily consists of tlic .two operations of 
drawing-out or “ drafting,” and twisting. It should at onc.c 
noted that “ spinning ” is quite distinct from silk “ throw- 
ing,” which simply consists of r(‘.eling the continuous thread 
or filament {)f from 400 to 1,(>00 yards forming the silkworm’s 
cocoon, and tli rowing or twisting it with one or more threads or 
filaments of similar character to form a firm, stronger thread. 

Long Fibre Spinning— Very brief study of the art of 
s})inning will demonstrate tlu^ comparative ease with which 
long fibres, such as flax, hemp, long wool, etc., may be s])un 
into yarn. Cliveii h'-iigth and all else is simple. The early 
re(U)gnition of this fact would naturally lead to the ]>repara- 
tion of flax, hemp, wool, etc., luindles or slivers so arranged 
that a (continuous band of more or less jiarallel fibres might 
be passed into the sjiiiining machine 1.o be given the necessary 
twist and so be convertced into thnvad. Thus the simplest 
and e.onse(|uently earliest form of spinning would consist of 
some arrangeuKint wluu'cdyy, after having deftly formed a 
small band or sliver of fibres hy the hand, twist might be 
ex])editiously insertid. Such was “ distaff sjiinning,” the 
process lacing that just described, with very few conveniences 
for facilitating sjiec'd of production, flow long the art of 
s])inning rost(‘d in tliis very ineflicient state we do not know, 
but ])r(»])ab]y for hundreds of years. Amid the ingenuity 
with wJiich we of tlu; twentieth cimtury are surround(^d 
from the cradle we c.annot well gauge the mental effort 
necessary to evolve the idea of a continuous spinning jirocess 
in plact; of the slow intermittent process. But it came at 
last, and the flax wheel, giving about three times the pro- 
duction, was evolved. In this the dcdtly extended sliver of 
right thickne.ss and regularity was fed continuously by hand 
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into a flyer i-(‘Volvefl l)y means of a foot Ireaflhs wliicli. in 
conjunction with the bolflun upon which ilui yarn was to l)e 



]‘'jo. 0. — T)()iil)lo-^roov(‘cl W1 kh‘ 1 A ; Pedal P* ; Plycr 0; 
J^obhiit 0. 


wound, botli twisted it and 3\onnd it neatly upon this bobhiiu 
No doubt the difficulty in evolving this aiTangement was 
due to the fact that it is impossible to effect the contiiiuoua 
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feeding in and twisting of a sliver wiiliout some means of 
n'iml'uuj on to the ttristinff apindJr. the thread so formed, or, on 
the other hand, of winding the yarn continuously on to a 
hohhin without some arrange- 
ment for the continuous twisting 
of tlie same. The hohhin and 
flyer — practically tlie funda 
mental principle of all con 
tinuous spinning frames --is 
really a most ingenious arrange 
meiit, and it would not be sur 
prising to find that short fibre 
s[>inning on tlie ordinary simple 
s])indle hand wheel really pre^ 
ceded this invention. The prin 
ei])le of long fibre spinning is 
infinitely simpler than the ])rin- 
ciple of short fibre spinning, but 
the n(‘cessary hand machine for 
continuous long fibre spinning is 
much more subtle and compli- 
cated than that require, d for 
short fibre s])inning. 

The “ flax wluad ” (Figs, h and 
Da.) consists of a double-gi*ooved 
wheel {A), worbed by a foot- 
jiedal (7f), round which two bunds pass, one to the grooved 
flange on the s})indle and flyer (C), and the other to the 
grooved flange of the bobbin (/>), so that as the wheel is 
revolved by the foot-pedal it in turn revolves both flyer and 
bobbin. As the bobbin has a smaller grooved flange than 



Fid. I)a. FiugiMm of ]'hor 
uij(l H(»bl)in iirraiigoiriont- 
oii tiio onliiiury 
AVlieol. 
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the grooved flange or driving wheel of the spindle, it there- 
fore goes somewhat quicker than the spindle and flyer. 
The bundl(‘ of flax or wool is conveiii(‘.ntly ])laeed above the 
flyer and bobbin, and a conveni(‘iit or required thickness of 
sliver is made up from it and ])assed through the eye {E) of 
the flyer, round the wing and over a notch or wire {F) 
which directs the thread on to the bobbin. U])on the 
wheel being revolvcid, twist is ))nt into the sliver in pro- 
portion to the huigth of sliver delivered to a given number 
of revolutions of the flycT ; and the yarn is wound nj) 
in proportion as tlie bobbin gains upon the flyer. JJ 
110 nhrer ircrc (Ivlirercd and iJir ndowl rend red, tirifit onh) 
iroiild be pnl into the Hlircr. If all the Hliirr rc(fnu'cd were 
delirered, the bobbin held jant^ and the Jlj/er rotated, iforn 
would Hinqdi/ be wound upon the bobbin. The actual 
Sjnnnin;/ ojwration eoine.s in between theae two e.rlreinei^. 

The idea of incrcuised production by a continuous employ- 
ment of both hands and feet would naturally lead to 
further attempts at increasing production. It would at once 
be realized that tw^oniain developments were necessary, viz., 
a more speedy means of preparing the slivers to be spun and 
a greater number of spindles to be worked by hand. This 
latter idea })robably germinated first, as we have fairly early 
records of a double-spindle flax wheel. Few people, how'- 
ever, would be skilful enough to w'ork this with the con- 
dition of feeding the spindles wdth unprepared slivers; 
hence little advance was made. The development of 
drafting rollers by Lewis Paul eventually entindy removed 
this limitation. How crude the ideas of the eighteenth 
century were we can only realize by again reverting to tlui 
fact that it was supposed that, as with metals, one pair oi 
T. n 
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Double Rollers. 



Points for Poihsut nation. Points for ('onsiderafwn. 

(1) Si/e. (1) Sizes and Relative Sizes. 

(2) Material (foundation (2) Mebu-ial (foundations and 

and covering?). coverin^^'^). 

(3) Fluting. (3) Fluting. 

(1) Mel hod of Wc'ightiiig. 

(r>) Method of Driving. 


Drafting Rollers. 



Point for f^onsifteration. 


(1) Relative Sizes of Back and Front Rollers. 

(2) Materials (foundations and (coverings). 

(3) Flutiugs. 

(*4) Method of Weighting and Influence on Power Consumed, 
(o) Distance apart. 
fH) Method of J )riviuf^. 

(7) Relative Sjieeds of the two pairs of Rollers. 

(8) Inclination of Rollers. 

(9) Supports (carriers) between the two pairs of Rollers. 

Fig. 10. 
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rollers would be sufficient to effect the necessary drafting. 
The development, how^ever, was made, and its utility 
gradually realized to the full. We can well imagine the 
interest that Lewis Paul, Arkwright, and others would have 
in experimenting with rollers and noting the conditions 
under wiiicli they might best be employed for drafting, and 
it is something to their credit to be able to say that these 
eaiiy w'orkers pi’actically developed in their machines 
principles and metliods wliich we have not been able to 
improve upon in principle to any great extent. 

A fcw^ w'ords on roller-draft will demonstrate the prin- 
ciples employed. Some of the factors of roller-draft are 
illustrated in Fig. 10. These factors seem comparatively 
simple, but they are not really so. Take for example 
the lirst factor — size of rollers. At least three varying 
factors are here involved, viz., length of fibre to ])e drawn, 
size of roller to give the best conditions of wearing 
surface, and exact condition of gripping of the fibre 
desired. Thus in the spinning of short fibres such as 
cotton the diameter of the rollers should be approximately 
the length of the fibre (Fig. 11), while in long wool fibi'es 
(Fig. 12) there is little relationship of the diameters of the 
rollers to the length of the fibres, but on the other hand 
these diameters are decided with reference to grip on the 
fibre and surface wearing (juality. For a ILinch staple 
cotton a 1^-inch diameter pair of rollers is usually employed, 
wffiilc for an 8-inch wool yarn a 2 J -inch top back roller bearing 
upon a l o-in(;h diameter bottom back roller and a 5-inch top 
front roller t)eaT*ing upon a 4-inch diameter bottom roller are 
usually employed. Here again it will be noted there is an 
interesting question of “ grip.” With small rollers the gripping 

H 2 
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surface will be small, and consequently tlune is a tendency to 
“ cut.” With larger rollers the ,£;ri})])ing surface will be much 
larger, and conse([iiently a firmer grij) obtained with less fear 
of cutting. Tt will further be evident that it may be very 
desirable to leave some jollers bare and to clothe other rollers 




Cotton 


Fro. 12 --lllustriitinj' the Eelative Sizes ef Wool and 
(\»tten 1 Rollers. 


with leather, etc. Now, iron rollers may be clothed with leather 
in two ways, first by running a continuous leather apron 
between them, or by actually clothing oik; of the rollers with 
leather u])on a, felt or other foundation. Corresponding 
fluting necessitating rollers of equal size renders the leather 
apron idea more economical, and in fact necessary, in certain 
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wool boxes, wliilci in other boxes and frames a large 0-iiich 
roller, leather clothed, fulfils the requirements of the case 
both from tlie efficiency and wearing surface or cost points 
of view. 

Again the questions of double metal nip. metal and leather 
or cloth nip, or double leather or cloth nip are worthy of the 
most careful consideration. One of the rollers in a wash-bowl 
is clothed with wool and wool gri])s wool against metal. Hut 
in the case of cotton, leather against metal is applied. Her(‘ 
is a most interesting probh'iu. 

Then with reference to the distance a])art of the two pairs 
of drafting rollers most interesting point, s are to be studied. 
Take, for instance, an H-incJi wool fibre. If this is passed 
through rollers (5 imdies a]>a,rt— tlu^ front rolhu's r(*.voIving 
faster than the ba(^k rolhws — it will probably be broken. If 
the rollers arc exa(;tly 8 inches apart the back pair will give 
it up just as the front pair take control of it ; while if the 
rollers arc, say, 10 inches apart each fibres must freely rid(‘ 
upon its mfigh hours for 2 inches aftc^r leaving the back rollers 
before the front rolhirs take it. The middle condition is the 
correct one, all cotton drawing rollers bcung \(uy accurately 
set to control the fibre as jiositively as possible without break- 
ing it. Hut in a well-prepared wool combed sliver or “ top ” 
the fibres may vary from 4 inches to 10 inches or 12 inches, 
while there is also the question of twist in the sliver to be taken 
into account, twist enabling the draw'er, as it were, to control 
the fibre with the fibre. If it were not for the twist factor and 
the natural cohesion of wool — save when affected with elec- 
tricity-wool “ top ” drawu'ng would be a much more difficult 
process than it actually is ; in fact it would be necessary to 
work to the shortest fibre, breaking all the longer fibres, thus 
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consuming power and destroying the (jiiality of length so 
often re(piired in worsted yarns. 

An economical question is involved in the speed at wliieh 



drafting rollers should b(i run. Alone, /.e., without any 
spindle attachment to twist and wind-up the sliver drafted, 
the limit would deptmd in ])art on the nature of the fibre. 
Cotton, for example, can be drafted (piickly when the fibres 
are once started sliding upon one another, but 7iol bej'ore ; and 
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again, air blasts and air friction so affect cotton that they 
must be very carefully taken into account. There is also a 
mechanical problem of wear and tear involvTd, so that 
altogether this also is really a most interesting, if somewhat 
involved, question. 

It will now be realized that given drawing rollers, the 
flyer and bobbin mechanism, and a reasonably steady 
driving power, the factors for a successful automatic 
machine are present. Kichard Arkwright was the first 
to recognize this, and his water-frame was the first 
machine of any moment effecting the s])inniiig of yarns 
automatically. 

The illustration of Arkwright’s “ water-frame ” (Fig. 
13) will explain the general arrangement. The only new^ 
problem involved is the relationship of front rollers and 
spindle. The possible positions of spindle to front rollers 
ai’e illustrated in Fig. 14, but it should be further remarked 
that the solution of this problem wdll in i)art depend upon 
the inclination of the diwiiig rollers. It should further 
be remarked that j)robably “gravity” cannot be entirely 
ignored. So far as relative position goes the relationships 
shown at A and K are identical, but it will be realized at 
once that the force of gravity ma;^. make a material 
difference in the “ spin,” especially if the sliver is heavy 
and has not marked adhesive qualities. The main point to 
note, however, is that of limitation of the twist. Anything 
touching the yarn lu'.tween the top of spindle and the nip 
of the front rollers may limit the twist to below this point. 
Thus in some cases it may be desirable to have such a 
relative position of spindles and front rollers that the 
twist runs right up to the nip of the rollers; in other 
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cases it may be desirable to lay the sliver on the bottom 
front roller ; and in other cases it may actually be neces- 



Fia. 14. — Possible position of Sjiindlc in rolaiionsliip to Draftiiij^ Pollers. 


sary to introduce what is known as a trap-board with 
the threefold object of carrying the yarn straight from the 
nip of the rollers, of centring the yarn above the spindle — 
as in the cap frame —and of holding the twist in the yarn 
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Fig. 14a. — Possible position of Bpiiidle with Guide Eyo I'n^elationshin to DrafHn^ 



TITE PETNOTPLl^^S OF SPINNING 


107 


near to the spindle or cop. This latter point is worthy of 
very careful consideration, as the holdinji; apart of two 
threads to he twisted together just above the twisting 
spindle has a marked effect on the regularity of the twist. 
The inclination of the spindle also, as ^\ill he noted directly, 
is most important in tlui woollen mule, and in general 
hardly receives the attention it merits. 

A glance may now he taken at the moditications of 
the continuous bobbin and llyer principle of spinning 
introduced since the time of Arkwright. 

When it was realized that the bohhin or spindle was the 
spinning mechanism and the ffyer the wind(!r-on, an 
endeavour was naturally made to simplify this latter, 
thereby saving expense in construction, effecting a reduction 
ill the consumption of i)()wcr, (easier dolling and quicker 
running. The labour difficulties in America further for- 
warded this movement and so the ring frame came into 
being. 

In the modern ring frame the spindle — but in this case 
without a ffyer — is the chief motive factor. The drafted 
slivtir is delivered (‘xactly a])ove the centre of the spindle, 
so that upon the spindle being revolv(‘d twist is ])ut into the 
sliver. But how is winding-ou effected ? Surrounding tin* 
spindle is the ring- or, conversely, the spindle ])asses (‘xactly 
through the (centre of the ring, and upon this ring, suitably 
controlhid by the ring-ffange, is a t.ra.vell(‘r.” The sliver, 
instead of ])assing directly to the a])ex of the s()indh‘, ffrst 
passes through the traveller and then on to the s])indle or 
bobbin ])laced on the spindle. The traveller thus acts as a 
retarder, enabling the spindle to wdnd up the yarn delivered 
to it by the front rollers. The yarn is distributed on to the 
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bobbin by the slow movement up and down of the ring-rail, 
the spindles naturally being fixtures. To ensure high speeds 
on this machine— say 7,000 to 12,000 revolutions — many 
spindles of special construction have been designed, some 
self-balancing, some running in oil, etc. (see Fig. 15). 

The develo])ment of the ring frame would naturally lead 
inventors still furthtu* alield, and eventually the cap frame 
was evolved. 

The cap frame is very similar to the ring frame, save that 
the edge of the ca]) itself d(‘velops, or hel])s to devi'lop, the air 
fri(;tion whereby tln^ bobbin may wind yarn on to itself. As 
the caps are too Iunivv to movt*,, and as the distance liet ween 
the trap-board 1 ) and tlu^ edge of the ca]) should b(i constant, 
the bobbin-rail moves to (‘Ifec.t the distribution of the yarn 
on the bobbin (s(‘e Fig. lb). When the cap frame was first 
tried in Bradford the yarn was so softly wound that it (*ould 
be jerked ofl' the bobbin. This was owing to the fact that the 
IraiiK' was run at 2,800 nwolutions per minute ‘‘ to give it 
a chan(;e.” It was only wlieii the frame was sp(‘eded up to 
5,000 revolutions ])cr minute that its great possibilities were 
realized. The, cap frame came into the wool district from 
the cotton district. Why it should be so successful for 
pure l^otany wool and so useless for cotton is again a most 
interesting (piestion which we have not space to investigate 
here. 

In two important points the supposed automatic spinning 
frames are not automatic. They neither feed themselves 
automatically nor do they “doff” themselves automati- 
cally. The comparatively large bobbins placed in the 
creel behind the hack rollers of a spinning frame contain so 
much sliver to be spun that little manual labour is necessary 
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Pio. l6.~Cap Spinning Frame.— "back rollers ; B, cari’iers; 
C, front i-ollors; />, eyelet board; A’, sjjiudle lixod in 
framework ; A', cap supported by spindle ; (}, bearing for 
tube / ; AA, wliai‘1 round which driving tape losses; /,tubo 
upon which ]}obbiu or spool is fixed and carried round. 
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to keep the frame supplied with slivers or roving to be 
spun into yarn. Very differeJit is it, however, with the 
doffing of the comparativcily small spools or bobbins 
which the spun yarn is (hdivered. On an avei’age a ilyer 
frame running on ,i(,’s with 10 turns ]>er inch, will be 
doffed six times per day of 10^ hours, and a ca]) frame 
running on ,/^’s with 10 turns per inch seven times per 
day of lOjJ hours. With the scarcity in half-time bibour 
the invention of an automatic doffing motion has become 
imperatively lUM'.essary. Messrs, (’lough V (’o., of Keighley, 
first successfully employed siadi a motion on llu'ir fiver 
spinning frame.s, while Mr. \\\ II. Arnold- Forster, ol Ihirk'-y- 
in-Wharfedale, (jui(‘kly Ibllowtul with a lop-driven llyer 
automatic dolling fraim^.. Tlnui came S(‘veral athunpts to 
“ doff ” tlu^ ca]) fra.m<‘ ; and tinally it- is lair to say that Messrs. 
Princ(i, Smith & Son and ]\h‘ssrs. Rail and Stoll, both of 
Keighley, have each phnuid on the market snceessfnl fly(*r and 
cap doffing mccljanism. At first it was thought that given 
half-time lahonr such a motion was not re<pored from the 
economical ])oinl of view. From ex])(U‘imcnts reecuitlv made, 
however, it w'ould a])])(‘ar that it is more than probable that 
the doffing motion wdll ultimately supplant half-time labour, 
being actually consid(‘rably in(>n‘ efficient with regal'd to out- 
put. This, howexau'. refiu's more particularly to flyer frames — 
the conditions of doffing (^aj) and ring frames being somewhat 
more complieat(^d. Considering the mechanical problem in 
a broad w'ay it would seem as though the mechanical problems 
of doffing are greater t-han the problems involved in spinning, 
and that therefore the spinning machine should be made to 
the doffer and not, as at ])resent, tlici doffer applied to a 
machine designed without regard to any such attachment. 
Of course, to change a mathine# which, although apparently 
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simple, has boon evolved by generations of workers and 
probably contains more than wo have the least idea of, is a 
dangerous thing. Still, the result may justify the attempt. 

Short Fibre Spinning. — The art of short-fibre spinning 
would possibly develoj) some time after long-fibre spinning, 
being somewhat more involved and of such a nature that 
it would not so rt‘adily be “ thought of,” but would 
probably be accidentally “ discovered.” Briefly, the. art of 
short-fibre spinning consists in supporting the thread or 
sliver durmj eJmKjation with twist instead of witli rollers. 
Did spinning simply consist of fwisling fibres together, then 
it would be imj)ossil)le to difTerenfiate betw(‘(‘n long-fibre 
spinning and short-fibre spinning. Any difference would 
then })robably lie in tin*, preparation of the res]>ective fibres 
for the spinning. But the drafting or drawing out of the 
sliver being necessarily implied, at once emphasizes the 
difference between long- and short-fibre sj)inning. For in 
long-fibre spinning the fibres are of such a length and anj 
arranged so paralh*! in the sliver that wlnm the s])inning 
twist is inserted it is inserted into a sliver or thread already 
fornicd, and of which the thickness is already decided. 
Whereas in short/-flbre s]>inning the commencement of the 
final twisting is regally a putting in of drafting- twist, i.e., as 
the twist is inserted the sliver is elongated. But for this 
drafting- twist the short-fibred slivers to be spun would 
break. This drafting-twist running into the thinnest sections 
of the slivers strengthens them, and thcvse becoming the strongest 
sections in turn serve as a means to draft the sections 
which are now relatively weaker. Upon the drafting being 
completed the elongated sliver is then converted into a true 
thread by receiving its final complement of twist. So potent 
is the drafting- twist that it must be exactly adjusted to the 
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length of fibre being spun, the shorter the fibre and the 
more drafting-twist, and conversely, the longer the fibre the 
less drafting-twist, until for long fibres no twist at all is 
possible, as they bind the sliver too much, under which 
circumstance roller control must be resorted to. The 



Fro. 17.— General View of Woollen Mule. 

principle of spindle-draft is the distinguishing feature of 
mule spinning, especially woollen mule spinning, producing 
marked characteristics which in turn have a 
dluence in both the weaving and fi 
' Again, the method of inserting twi^ 
on a mule must have some influence ’ 
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the resultant yarn, though what it exactly is we cannot yet 
say. 

The woollen mule was led up to by the jenny (Fig. 18), 
which was sinijdy an enlarged single-bobbin wheel arranged 
to control from sixteen to sixty spindles. A similar machine, 
termed a billey, was introduced between the card and the 
jenny, to prepare the slivers for their final elongation. Both 
machines act(^d on the principle of “ spindle-draft.” 



Fio. 18.— Hargreavo’s Spinning Joimy. 

The woollen mule is the pcrfecd short-fibre spinner. In 
britd, a woollen mule consists of three main parts, viz., the 
])repared or condensed sliver holder and deliverer, the carriage 
with its spindles, and the headstock whi(di controls the action 
of the other two. The condensed sliver (A, Fig. 19), brought 
up from the carding machine on lightly-flanged long condenser 
^bobbins, rests on a delivery roller, and being turned by surface 
completct is always completely under control. The slivers from 
thread Icondenscr bobbins are passed through a pair of stationary 
is the rs the revolution of which is in accord with the turning 
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of the condensed sliver roller, and both are under perfect 
control from the headstock, intermittent delivery being varied 
at will according to the requirements presently to be described. 
The carriage — carrying from 3(X) to 700 spindh'^s of any suitable 
})itch, thickness and inclination, according to the work to 
be done —is perfectly controlled from the headstock by means 
of drawing-out and running-in s(to11s. The s])eed of the 
spindles is also under ]){‘rfect control so far as drafting- twist 
and final twist are concerned, and soimdliing more than under 
jierfect control when the building u]) of the co]) is in ])roc(‘ss, as 
will be explairKMl imnu'diatelv. One complete* spin — starting 
with th(‘ carriagii rmi-in to the (hTivery rollers, and (tonseipiently 
with the s])indl(‘ points close to the grip of tin* rolha’s, from 
which the condensed sliver ])asses direct to the spindle ])oints 
takes a few turns round tin*, spindle and in the shape of spun 
yarn forms the co]) on the spindle— may be (hiscribed as 
follows : As th(j delivmy rollers deliver comhuised sliver the 
carriage with its spindles slowly retreats until it reaches about 
half the distance of its comj)hd/e traverse, when the delivery 
rollers suddenly stop. The carriage, howev(^r, goes on towards 
its full traverse slower and slower, in the meantime the spindles 
juitting in just the re(piisite drafting or suj)porting twist 
which, owing to tln^ nearly u])right ])osition and thickntiss of 
the spindles, vibrates right along the slivers and ensures 
distribution in fair })roportion to the diameter of the yarn, so 
that as thin jdaces are strength (*,ned and become strong the 
thick places are drafted out, and so an equalizing action goes 
on right throughout the drafting operation. Upon the 
carriage reaching the (‘-xtent of its traverse — ^when drafting is 
completed —the spindles are turned on to double speed to 
effect the necessary twisting of the approximately two yards 
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of yarn per spindle, just twistinj» as (piiekly as ])()ssil)]i\ The 
insertion of so much twist naturally eaus(‘s a contraction of 
the thread, and to allow for this a slight return of the carriap^e 
towards the delivery rollers is arranged for or a slight additional 
delivery of condensed sliver made. T^]K)ii the completion of 



FlU. 20. — AVorsted Afule Section, .1, -I|, I'n'iicli drawn rovings 
ready Tor sjanning; //, jack drafting ndlers; (\ (*a,rrierK ; />, 
front drafting rollers ; A', spindle can ying spun yarn ; wharl 
on spindle from which ])and ]>assos to t in drum : //, drum which 
conveys motion through the cord /, from the twiht pulley »/. in 
the headstock A', to tin drum <! : A, a c,atcli scroll wliieh 
receiving a variaht' motion from the <|nadrant A’.V, Ihrougli 
the chain J/, gives the spindles the eorroet rotation to vind up 
the yam for hiiilding a firm eoj» during the niniiing in of the 
carriagi' at the same tune that tlio faller wire ^Gunl eoiiiit/er-faller 
wire r direct and temsion the wdiiding uj> of the yarn, this being 
further controlled by tlu' action of t he “ copping jilate,” wdiich 
r-ontrols the up and down movement of the faller wiri's. 

the twisting the .sjiiiidles are reversed for a few turns — this 
is termed backing-oil ” — to enable the faller guide wire to 
commence building up the cop from where it left off at the 
last run-in, and a couiiter-fallcr wure, suitably widgfited, rises, 
as a perfectly even tension must be maintained on the yarn, 
otherwise it “ snarls ” and forms kinks. The carriage is 
now freed and commences its run-in under the control of 
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scrolls wliicli, working in conjunction with a quadrant which 
controls the turning of the spindles, and a “ copping-plate ” 
which controls the traversing of Ihe faller-wire, result in 
a linn, sound co]) being })uilt up. Upon reaching the 
delivering rollers the faller-wire rises ; the counter-faller 
wire falls and the spindles are free to repeat the cycle of 
evolutions. Of course a greater or less ainoiint of condensed 
sliver may be delivered, according to the draft I’equired, 
iiioni or less drafting-twist may be inserted in accfjrdance 
with the binding qualities of the material being triiated, 
the exact turns per inch r(‘(piired may be insert'd at double 
speed, and by a chang(‘ of copping-plate ” th(‘ yarn may 
be wound on bobbins instead of on paper tubes. 

From this description th(‘ two main features of mule- 
s])inning. viz., th(^s[)indle-dra.ft and the twisting of unsupported 
threads will be fully realiz(‘d. It should be noted, however, 
that as previously remarked the machine just described should 
not b(i called a mule, for Crompton’s “ muh*. ” rec('ived its 
name from being a hybrid combination of rolhu' and s])indlc- 
drafting, whil(5 in the Woolhm mule there nevtu* has been any 
roller-draft ; it is simidy an automatic jenny in ihe “ billy ” 
form.^ The cotton and worsted mules, bowever, are genuine 
mules, as roller-draft in these plays almost a leading part. 
If, as very often happens, little or no spindle-draft is 
inserted by these mules the only possible advantage would 
appear to be in the method of inserting the twist. 
Against this presumable advantage there is the intermittent 
character of the cycle of spinning operations and the 
additional floor space occupied to be placed. That there 
must he an advantage is evident from the fact that mule 
spinning in the cotton trade at least holds its own, while in 
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the case of tlie worsted it is rapidly making headway. In 
both these cases it may he tliat it is the peculiar method of 
sliver preparation, which it makes possible, which is the real 
advantage. This will claim attention in the next chaptt'.r. 

It will have been noticed that although cotton is short 
fibred, nevertheless it is frequently spun on the roller-draft 
or long-fibre spinnitig method. This is accounted for by the 
nature of the cotton fibre, which is much more docile than 
wool and does not r(^quire length to control it, but may 
readily be controlled by small drafting-roll(*rs. In this 
connection it is interesting to note that pri(w to the 
mechani(;al era cotton yarns w<'rc inobably spun very 
largely, if not entirely, upon the short-fibre spinning 
system. This is borne out by a knowledge of the cotton 
indiistry in India, in which tli(‘llax wheel plays no part, all 
the spinning being done on the sim])le-spindle wheel. This 
rendered cotton spinning a relativcdy difficult process as 
com])ared with either linen or long wool s])inning ; honcci 
the comparatively small number of peoj)!,. . ngaged in the 
-.industry prior to the im^chanical era. But the introduction 
of the various auiomatic drawing and spinning nuKdiiiu's 
rendered possible the drawing and spinning of cotton on 
the iong-libre principle ; in fact it is practically true to say 
that the cotton industry is a machimi-created industry. It 
w'ould probably always have rtmiained small l)ut for the 
introduction of mechanical methods. It would also be 
interesting to investigate to what extent the short or Botany 

1 It is au iiitoi-ostiiig probleiii in oforumiy of power to deeido 
whether the spun yatn should ]>e run hackw'aids <»r forwards and the 
condcMised sliver left stationary or vice vered. Both forms ai*c still ip 
use to-day. 
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wool industry is a machine-created industry. It is true 
that woollen yarns were spun from short wools prior to the 
mechanical era, but the short wool worsted yarn is evidently 
a creation of the mechanical era ; and consequently to this 
mecluinical development must the large demand for Botany 
wools be attributed. That this is so is proved by the fact 
that the largest increases in the production of these yarns 
have taken place since the perfecting of the necessary 
preparatory machinery and the machine wool comb specially 
adapted for short wool combing, i.c., between 1840 and 1880; 
although short Botany wools were previously largely 
employed in tlie clothing and woollen trade. 

During the past twenty-five or thirty years many 
endeavours have been made to produce a frame? yielding 
yarn possessing the same characteristics as yarn spun upon 
the mule. If such a frame could be produced a great 
saving in space and a markedly increased output would be 
effected, since such a frame would be a continuous spinner, 
whereas the mule is an intermittent spinner. The dilficub 
ties to be faced are principally these: — Firstly, the continuous 
drafting of the sliver along with the insertion of the 
necessary drafting-twist ; secondly, the insertion of the 
true thread twist ; thirdly, the construction of a frame as 
easy to follow — to piecen up broken ends on — as the mule ; 
and fourthly, a frame as inexpensive in both initial cost 
and in following ” as the mule. One of the first attempts 
was that made by Celestin Martin, of Verviers, in which a 
“ twizzler ” to insert false drafting-twist is placed between 
two pairs of drafting rollers, and a ring-frame arrangement 
placed to receive, twist and form a cop of the drafted but 
twistless yarn as delivered by the second pair of rollers. 
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This machine, although employed to a considerable extent 
on the Contnient, cannot be considered entirely satisfactory. 
The drafting liein^ efTected or supported by false twist is 
very different in character from that obtaining on the mule. 
Again, the vibration which runs along the thread in mule 
spinning owing to the thickness and inclination of the 
spindles is not attempted here. Again, the final twisting 
conditions obtaining on the mule do not in the least 
obtain here ; and finally, the dilHculties of piecening uj> 
are greater. 

In Fig. 21 the latest stylo of mulo-franui is shown. In 
this it will he noted that the “ twizzle ” (H) is placed practically 
upright and has two projections upon it. These are to give 
the “ vibration ” or short ]>ulls to the thread which no doubt 
play such an important jiart in sjiindle-drafting on the mule. 
This form of twizzle, however, obviously increases the difh- 
ctilties of ])iccening up. Arrangements are also made in this 
machine to ma.ke the drafting intermittent, but the twisting 
and winding on to the bobbin are continuous. As the main 
point in production lies in the twisting, this apjii'ais to be a 
move ill the right direction. The conditions of final twisting, 
however, arc similar to those (miployed in the (leh'stin Martin 
frame, and will ])ro])ably result in a different yam being pro- 
duced as compared with the genuine mule-spun yarn. Con- 
sidering the (‘conomic effect in the space occu})ied and the 
possibly greater ])roduction owing to the continuous action 
of the frame, this frame may be wisidy and economically 
employed for the spinning of the harder twist.cd woollen 
yarns, although it?? initial cost per spindle will probably be 
much greater than the mule. 

In another frame of a similar style bars are inserted between 
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the back and front rollers, near to the bfick rollers, with the 
idea of limiting the “ run-up ” of the twist in the thread, so 
that drafting may be more readily effected. This, however, 
show^s a total want of perception as to the fundamental 
principles of spindle-draft. 

Again the dillieulty was supposed to be solved by the 
addition of an apparatus to the condenser, which took the 
slivers dire.etly from the ring doffer— thus obtaining a “ free- 
end ’’—and twisted them into what were called threads. 
As there was no draft at all in this case the resultant strands 
were simply twisted slivers and not spun threads. 

In still another type the front drafting rollers were lifted 
to allow the twist to run up to the back rollers. 

From these at, tempts it would appear that for the spinning 
of chara(^terist,ie woollen yarns- especially fine yarns with 
much twist- the woollen mule is not at all likely to be 
superseded. 

* * ♦ « 

All the, foregoing particulars should lead up to a thorough 
apprelumsion of the conditions governing yarn and thread 
constnietion. A(dual tlinwl structures must now ])e con- 
sidered. These may well be studied umhu’ t.wo headings, 
\iz., single yarns and two- or many-fold yarns. IVahaps a 
third class should be added of fancy yarns, v^dlich, however, 
can only be, referred to very briefly in a treatise of this nature. 

Single yams are aj)j)arently so simple in fibre arrangement 
that it wmuld seem that there is little to be noted about them. 
The difference in fibre arrangement between woollen and 
worsted yarns nfust certainly be noted, and even in worsted 
yarns the question of fibre length and binding must be care- 
fully considered. 

Undoiibttully the next mejst important matter is the 
twist. M’his is usually defined in “turns per inch,” but 
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the designation by “ angle of twist ” is so much more 
useful and satisfying that it is here adopted as the basis 
of treatment. With reference to both single and two-fold 
yarns the following formulae will be found to be of great 
practical utility: — 

If I) - the diameter reciprocal, 

TT -- ratio of circumference to diameter, 

6 — • angle of twist, and 
T — turns per inch, then 


T and — — cot of 0. 

-nX T 


D m . D 

Tt X cot 0 

In single yarns the “ fibre angle ’’ is dealt with ; this has 
an im])ortant bearing on the folding of yarns. In all 
two-fold yarns the relationships of “fibre angle” and “ twist 
angle ” must be carefully considered. Thus, as illustrated in 
Fig. 22, the three most ordinary relationships will be 
Gonvt^rse twist (2). 

Straight-fibre twist (1). 

Concurrent twist (3). 

Of those, convers(3 twist is often spoken of as “ balance 
twist,” since th(3 torsional strains due to the singhi twist may 
be just balanced by the torsional strains due to the two- 
folding twist. 

In “ straightj-fi))re twist ” the two-folding in the reverse 

direction to the single twisting just brings the fibre direction 

into lino with the longitudinal direction of the thread. 

The conditions for obtaining this relationship, which is 

certainly one of the best possible, is : 

S S 

- of two-folding, for tbrec-f61ding, 


for four-folding, ^tc., etc., 

^ ,1 

where S = turns per inch in the single yarn. 
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Concurrent twist used to be much more exteiisiv^ely employed 
than at present, owing to the mistaken idea that to put into 
the two-fold the same number of turns per inch put into the 



Fig. 22, —Six Classes of Two-fold Yarns. 


single, but in the reverse direction, would just take out the 
single twist and make the softest possible yarn. 

The three otln^r possible conditions for two-fold yarns are 
shown in Fig. 22 (4, 5 and 0). Each of these yarns has special 
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properties, wliicli vsliould be fully realized by the yarn and 
cloth constructor. For voile fabrics, for example, (G) is most 
useful. 

Fancy yams may be classed as knickers, cloud, knop and 
loop, there being several varieties of each. From time to 
time fashion favours the fabrics into whicih these yarns may 
be woven, but generally these yarns have only a limited 
application. 



CHAPTER YI 


rnocESSES preparatory to rpinning 

In tlie foregoing; chapter the various priiici])les of spin- 
ning have been fully consitlered on the supposition that both 
long and short fibres of various classes were Jivailahle for 
spinning. No account, however, was taken of the fact that 
in no case, with the partial exception of silk, are either the 
long or short lihres of commerce found naturally in a con- 
dition suitable for being spun into yam. For exanij)lt‘, iho 
variation in length in most materials necessitates a comli- 
ing operation to classify the fibres which may he satis- 
factorily spun together, long spinning well with long, and 
short with short, hut not long with short. Again, all materials 
contain either impurities natural to their growth or 
accidental impurities which get into the mass of fibres and 
must h(! removed before spinning can b(5 attemiited. In 
the first class the cortical substance in llax, the gums in 
China-grass, the yolk in wool, the gum in si!k and the 
seeds in cotton, may be cited. In the sevond class water, 
beyond a certain amount, in llax, xvool, and cotton ; and 
burrs, seeds, straw, and sand in wool may 1x5 cited. AVhat- 
ever the impurity be, it is usually necessary to remove it 
with the least possible damage to the fibre and to leave 
the fibre in a condition for being spun into a good useful 
yarn as already defined. 

The processes preparatory to s})inning arc very varied, 
naturally being adapted to each particular fibre. The prin- 
ciples involved, however, are all comprised in the following 
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machines, 1 the action of which will bo described after 
the natural recpirenients of the various fibres have been 
considered. 


Machine. Materials for which Employed. 


The (tiu .... 
The Wasliinj' or Scouring 
Machine 
The Dryer 
The Scutcher . 

The BackwaslK'i’ 

The (i ill-box 

The Carder 

Tfie Dresser 
The Comb 

The Drawing-box 
Th(‘, Cone Drawing- box 
The French Gill or Drawing- 
]>ox .... 


For cotton. 

Wools and hairs. 

Wools, hairs, (‘tc. 

(a) For cotton, (b) For flax. 

Worst'd sliviu’s and t-o])S. 

Long W()(ds and silk (modified 
form). 

Medium and short wools and 
cotton. 

Waste silk and (^hina-grass. 

Wool, cotton, and sometimes 
silk and China-grass. 

Wool, cotton, and silk. 

Wool and cotton. 

Short wools. 


The important points to study about these machines 
are, firstly, the ])rinci|)le underlying their construction ; 
secondly, the way the material sh ,uld be prepared for 
presentation to these machines ; and, thirdly, the way in 
which these machines should deliver the material ready for 
the ensuing jirocess or processes. Before dealing with 
these points, however, the natural requirements of each 
fibre should be considered, as it must always be the fibre 
which decides the type of preparing machine— even iron 


1 Net Silk Machining is troatod separately in Chuptej'XV. 
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])ossibly alktili, so that perfect control of tlio temperature, 
heat, and stren^dh of tlie lupior is obtained. 

The yolk, sand, dirt, etc., got out of the wool must be 
disposed of. Thus, satisfactory means of emptying the 
bowls must be adopted, drain pipes being suitably lixed 
to the bowl or bowls to deliver the liquor to the settling or 
waste product tanks. 



But, again, during tln^ operation of scouring the dirt and 
grease, etc., should be got away from the wool entering the 
howl, this being usually elTected by the settling vhich takes 
place hy floating the liquor out witli the wool and arranging 
fora tank at the side for the grease, sand, dirt, etc,, to settle 
into, hut so constructed that it may be n^adily cleaned out. 

The propelling of the wool from one end of the tank to 
the other and especially taking it out of the machine 


T, • 
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are also matters which require very careful thought and 
arrangement. 

Scouring sets now frequently consist of four or five 
machines giving about 60 to 80 feet of bowl, in which the 
wool is immersed on an average for about eight minutes. 

It may be interesting here to give a brief rhumv of the 
evolution through which wool scouring has passed. 

The first idea was to pass the wool rapidly through the 
scouring liquor ; this matted the wool, prevented perfect 
scouring, and resulted in bad work tbroughout all subsequent 
processes. 

Then the idea of forcing the scouring liquor through the 
wool was tried, with a very similar result. 

Then it was realized that the natural tendency of wool 
to open out when placed in water — when tlie surface 
tension was removed — must be made the basis of wool 
scouring, and the wool was floated along with the scouring 
liquor. 

Then the idea of a wet nip or ‘‘possers ” was tried and found 
wanting, a wet nip apparently nipping dirt into the wool. 

Finally it was realized that a combination of circum- 
stances and conditions was necessary, that attention must 
be paid to all points, and the bearing of one point upon 
another fully taken account of. Thus were evolved the 
sets of modern wool-scouring machines in which the neces- 
sary agitation may be obtained, but whicb deliver the wool 
free, clean and wonderfully dry. 

Modifications of wool-scouring machines to effect “wool 
steeping,” and thereby reclaim the valiuijble potash salts, 
are also placed upon the market. 

The Dryer.— There are several forms of drying machine. 
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such being iiocessavy in the case of English and cross-bred 
wools after scouring and also useful in such o[)eraiions 
as carlxuiizing. The drying machine has followed an 
evolution similar to the scouring machine. The material 
to he dried has been ludd and air forced thi-ongh it — as in 
the case of the table dryer ; the material to be dried has 
been carried into the drying air, and last, and perhaps best 
of all, the nieaTi betwec^n the two has been adopted as in the 
latest form of Me Naught dryer. 



The Cotton Scutcher.— This is a machine to thoroughly 
disintegrate and clean the cotton ])rior to carding. Briefly 
it consists of “ cage ” rollers upon which the cotton is 
blown, which jmss it forward until eventually it is delivered 
as a lap. Suitably arranged “grids” allow sand and 
heavy loreign mattei’s to drop out of the air currents ; 
thus the cotton is fairly well cleaned and freed [)rior to 
cardi]]g (Eigs. ‘24 and 24 \). 

The Flax Scutcher.- This is a machine to beat and break 
the flax straw after retting so that it is in pi suitable state 
for the dressing frame. It is practically a “ breaker ” of 
the flax straw and also a partial cleanser (Fig. 25 ). 
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The Backwasher. —This machine usually consists of two 
small washing or scouring tanks, drying cylinders, and 



,Fi(j. 2i >. — The Plax Scutcher. 

a straightening gill-box. It is made in several forms, for 
each type certain constructional advantages or advantages 
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for the material treated being claimed. It is employed 
either before (in England) or after (in France) combing 
to thoroughly clean worsted slivers or “ tops,” for not only 
does the wool become sullied in passing through the several 
preparing machines, but impurities which cannot be 
extracted in the scouring bowls have revealed themselves 
and may here be conveniently got rid of. The pro(iess of 
“ blueing ” to give a white appearance to the slivers oi* tops 
is frecpiently resorted to, and is usually effected on the 
backwasher. The latest innovation in this machine is the 
adoption of hot air drying in place of cylinder drying 
(see Fig. 2G). 

The Preparing Gill-hox. — This consists of a pair of back 
rollers, gills or fallers riding on screws, and front rollers, 
with feed sheet and lap, balling-head or can dc^livery. 
The action on the wool may be either a combing action or 
principally a drawing action. For example, when wool is 
much matted the fallers, working (piicker than the back 
rollers, comb out the fibres and delivej them to the front 
rollers,’ which should be set to the fallers. But when the 
material has been much worked and is fairly straight, the 
faller-pins simply slip through the fibres and consequently 
can only act as supi)orts between back and front rollers ; in 
other words, the operation becomes largely a drawing 
operation. 

As pointed out with reference to cotton, the distance apart 
of drawing rollers, size of rollers, etc., must be very care- 
fully considered. With wool the ratch or distance between 
back rollers and fallers or back rollers and front rollers is 
equally important, but as the wool fibre is so much larger 
than the cotton fibre the size of the rollers need only be 
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iaken into account from a wear and tear and possibly 
from the gri}) and weigliting points of view. 

The Preparing Gill -box may be l)est considered as an 



Kio. 27. — l%ii and I'llcsatioii of Sheotor (j! ill-box. .‘l,biick 
rollers ^ lU fallors ,sei with j)iiis (j^ills) ; (\ front rollers ; 

/>, sheeting leathers; /v, train of wheels driving front 
lolleis; F, train of wheels driving bank rollers; (7, 
screws driving the fullers i>r gills. 

admirable straightener for wool and the various long animal 
fibres, and also as a mixer for fibres of varying qualities or 
colours (see Figs. 27 and 27a). 





Klu, 27a. — Foiir-hnid FreiKdi (Jill-box in I’hin and Elevation, 
J, creel; A', bjick drafting rollers; ^7 pinned fallers oi 
/Jills ; I), front drafting rollers; II, balling head. 
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matic card was made when a cylinder — which might be 
turned by hand — was clothed with card-clothing and the 
wool worked between this cylinder and a flat card held in 
the hand. This early forofi of card gave rise to the flat and 
the revolving flat cards still largely employed in the cotton 
tradei Finally the whole of the carding was effected by 
cards iiionnted upon cylinders, and after many trials, 
involving both successes and failure's, the modern roller card 
was evolved. It is here interesting to note that, owing to the 
susceptibility of cotton to air blasts, the cotton roller card 
is invariably made narrow and enclosed more than is the 
wool card ; while, as a matter of fact, probably due to this, 
and also to theiflbrelengtli, the flat card seems the favourite 
for cotton (see Fig. 28). 

In working carding machinery there are two main points 
to be attended to, vi/., the satisfactory carding of the 
material and the designiiig and arrangements of the various 
parts to work to tlui greatest advantage? with the least 
possible wear and tear. The satisfactoi\\ carding of the 
material depends in the first place upon the priuciphi upon 
which the card works. This in the case of the roller card 
is as follows : — The swift acts as the main carrying cylinder 
conitantly endeavouring to pass the wool forward, hut is 
op])Osed by the teeth of the workers, which, acting as a sort 
of sieve, do not allow material to pass them until it is 
finely divided up. Thus from lu'-ginning to (uid of a card 
the workers should be set closer and closer— the first 
worker a fair way off, the last close to the wires of the 
swift, but never«touching.^ Thus material is really worked 

’ This is not quite true, as in cardinj*- niiingo, etc., tho wires are 
set to run into (jne another. 
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by material. The material is condensed or “doubled” on 
the workers and then elongated or drafted by the strippers, 
and again by the swift 8trip}>ing from the strippers. This 
is the carding operation; feed-rollers, Jicker-in, fancy 
and doffer being tlie means of conducting wool into and 
out of tJie machine. It will la; noticed that the satisfactory 
accomplishment of the 02 )eration just described depends 
upon (a) the surface speeds of the rollers, which in part 
necessarily influence the size of these rollers; (b) the 
direction in which the rollers revolve ; (c) the inclination 
or bend of the card t(!(‘th; and (d) upon the relative density 
of the card-teeth with which the various rollers arerdotbed. 
The wear and tear u})on a card de 2 )end largely upon the 
size of the rollers, Jind of course upon the practical setting. 

The material of which the cards are built is of course 
another important matter, but ordinary engineering 
principles here ap[)ly. Iron is more stable than wood but 
is readily bi’oken, while wood is more conveni(mt but does 
not long remain “ true.” The following diagraujs and lists 
will illustrate the principles of carding and of satisfactorily 
clothing flu; card cylinders (see Figs. 21), 30, and 31). 

The Dresser. — This machine takes the pla,ce of the comb 
when the mateiial is (a) too rough, as in the case of Hax, to 
be satisfactorily combed ; or (b) too slip 2 >ery, as in the case 
of silk and china-grass, to be satisfactorily combed. 

Briefly, it consists of a series of boards, books or holders 
between which one end of the material to be dressed is 
firmly clamped and held ; a framework u 2 )on which these 
boards may be fi^iod so as to be carried continuously into 
the machine or placed in the machine and withdrawn 
when necessary; and a series of cleansing combs with 



144 


TEXTILES 



Silk Dressiiiff Frame. 
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cleaning or noil arrangements bo that they may work to 
the greatest advantage. 

The material may be presented upwards to the combs as 
in the case of silk, or downwards as in the case of Rax. 
In .the case of silk-dressing the operation is undertaken 
more with the idea of averaging the fibres into the several 
different “drafts” ; in the case of flax the operation partakes 
more of a cleansing character (see Fig. 82). 

The Comb. — While combing may in part be said to be 
based upon the idea of averaging up the tibres, still more 



Eia. I’ositkm of Large and Two Small (.'ircio in the 
Noble Comb. 

truly may it be said to consist in combing out all hbi'es 
under a certain length, leaving the long or top wool to foi'ui 
what is termed the “top” and the short to form “noil.” 
Along with combing, as with dressing, must go a straighten- 
ing operation ; in fact, in the days of the hand comb, the 
second combing was termed “ straightening.” 

There are two types of comb in use, the horizontal cir- 
cular and the vertical circular. The Noble comb is the best 
representation of the horizontal circular (Figs. 33 and 33a). 
The combing operation here is based upon the drawing out 
of the long fibres between the diverging circles until the 
one having the shortest end as it were leaves go, leaving the 
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— Solf-supportii)*^ KoLlu (’oinl), latest lun'in. 

long fibres banging on the outside of the" small circle and 
the inside of the large circle, from which they are drawn 
off by suitably placed rollers. The noil in the meantime 
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Flu. ;i J. — I’rif^king from a Wool Nol)l<‘ Comb ( 'irolo. ofr . -- h’or 

a liotiiny (Wb the “ set over” for A is 5", the “set over” for 
li is 1 

has been held within the pins, and ultimately is taken oft 
from between the pins of the small circles by what are 
known as noil knives. The pinning of Noble comb circles 
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should be definitely based upon the diameter of the pin 
and thesimce to leave in between for the fairly free runninf; 
of the fibres — say, one-fourth pin to three-fourths space. 

As the satisfactory holding of the fibres by the pins is 
the basis of the Noble comb, it will be realized that, not 
only must the distance apart and thickness of the pins be 
taken into account, but also the set-over or space over which 
the pins are set (see Figs. and 34a). 

The Heilman comb in its various forms is the best 
example of the vertical circular comb. Briefly, it consists 
of a pair of jaws to hold a tuft of fibres, a comb cylinder to 
comb one end of this tuft, a pair of rollers to take hold of 
the combed end, combs through which the uncombed end 
may be drawn and thus combed, and a continuous lap 
forming arrangement. As in most combs the operation of 
combing must be more or less gradual, the comb cylinder 
here employed has the first row of teeth fairly openly set, 
the next closer, and so on, the finest being set al)out GO per 
inch for wool and about 80 for cotton. There is also a 
preparation of the sliver for combing ])jior to the jaws 
referred to coming into action. 

The Drawing-box.— This is similar in many respects 
to the gill-box, but lacks the gills or fallers, their 
place being taken by carriers whicli support the wool 
between back and front rollers. The distance between back 
and front rollers is usually somewhat greater than the 
length of the longest fibre being treated, so that in part 
fibre may be said to be worked by fibre (see Fig. 35). 

The Cone Drawing-box. — So far as the drawing action of 
this box is concerned the action is the same as in the 
ordinary box. As remarked, however, with reference to 
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the scouring machine, the getting of tlic material into the 
machine and oftt of the machine again may he no trilling 
matter ; in fact it may l)e and in this case is more of a 
problem than the main oi>eration itself. To put the matter ‘ 


Fig. -jH. — 0)ne Drawing-box, 
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briefly — in a cone-])Ox the material is positively wound 
on to suitable sized bobbins with practically no strain upon 
it, wliile in the case of the ordinary drawing-box twist must 



be put into the sliver to give it sufficient strength to pull 
the bobbin round. Tt is thus evident that with a cone- 
regulated wind -on two great advantages accrue— firstly, the 
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slivers may be drawn much softer and thus a better final 
spin obtained, and loss consumption of power in tbe machine 
be required ; and secondly, larger bobbins may b(i employed, 
resulting in more economical working, especially for large 
quantiti(!S. It is also interesting to note that as both 
dyer and bobbin are positively driven, bo])bin may lead 
dyer instead of dyei' leading tbe bobbin as ordinarily obtains. 
Tbe relative advantag(^s of tla^se two methods are worthy 
of careful consideration. 

It is intei esting to note that with the cone frame the 


£ 



limit of tbe strength of the sliver is not in the winding on 
to tbe bobbin, but in the pulling of the sliver or roving off 
the bobbin (see hig. Sd). 

The French Drawing-hox. — This consists of back-rollers (.1), 
porcupine or circular gill or fibre controller (/>), front 
rollers (r), rubbing leathers {D\ and delivering head (E) 
(Figs. 137 and 37a). No twist is here inserted, so that a pith- 
like thread is produced. The arrangement enables doubling 
and drafting to be effected most readily, and practically does 
away with the Necessity for gills working on screws. The 
value of this nietliod of producing soft spin mixtures has 
probably noiryet been fully realized in this country. 
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THE PRlNCirLES OF WEAVINF. 

As previously remarked, tlic art of weavinf,^ or perhaps 
more correctly the art of “interlacing,” preceded that of 
spinning. The “ wattles ” we read of in connection with 
early methods of building were no doubt willow or other 
pliant stems of trees or ])lants interlaced to form a firm 
foundation for plastering upon, liaskets were simihirly 
made from twigs of suitable thickness, and many other 
interlacings no doubt precculed the actual art of weaving in 
the evolution of every race and every country. The idea of 
actuating in two series all the strands running in one direc- 
tion, forming a “ warp,” would soon develop where strands 
or threads of any requin^d hmgtli W(U‘e forthcoming to form 
the warp from. The half-heald worked by hand would 
then api)ecir, followed by the full-heald bringing the feet into 
play as an aid to the hands. The method of throwing the 
weft through successive sheds or openings of the warp- 
threads would similarly pass through many stages before 
arriving at the present day shuttle and picking ap])aratu8 ; 
indeed the fly shuttle itself only appeared in 17118. At 
first the whole length of warp would be stretched out upon 
the ground and the weaver would advamuiiis he interlaced 
the weft from one end of the jueceto the othei*. Idie idea 
of beaming the wai p on to a roller and of wimling up the 
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cloth as woven in order that the weaver might remain 
seated in one position and thus work to tlie greatest advan- 
tage is still in embryo in some semi-civilised districts. It 
is more than })rohal)le tliat long before the hand-loom was 
ill any sense developed very elahorahi t(‘xtnr(‘s w(o-(^ pro- 
duced — very laboriously it is true— by hand, almost threjid 
by thread and ^dek by pick. The art of gauze weaving, for 
example, was pcirfectly known to the Egyptians, as in 
mummy cloths we find some really elaborahs styles of this 
order of interlacing. Pile weaving would also be [)ractised 
in very narrow fabrics or ribbons. Thus it may be said 
that the art of weaving ])assed from the stage when very 
simple means were employed to elYect interlacing, to the 
stage when veay com])lex hand processes were employed 
in producing (ilaborale design ; then through a stage in 
which endeavours were made to markedly increase the 
output by tlm hand method, finally culminating in the auto- 
matic jiroduciion of fabrics on tl; nower-loom. It may 
safely be said that so far as w’e can tell all the most 
intricate and pleasing methods of weaving by hand came 
to England from the Continent of Europe. On the other 
liand most of the mechanical methods of reproducing the 
somewdiat complicated hand methods went from this country 
to the Continent. Of course there are exceptions to this, 
hut such are exceedingly few and really trivial. 

To-day it may be said that there are practically three 
kinds of WTaving, viz.: — Unit Weaving, as illustrated in 
Axminster carpets; Group Unit Weaving, as illustrated 
in the ordinary ^oom ; and Average Weaving, as illustrahjd 
ill Lappet w'eaving and in the Electric Jacquard. 

The AxiniMster carpet method of weaving is simply an 



imitation of the Orionlal knot, as practised in the making of 
Turkey carpets and in certain Gobelins tapestries, both hand 
productions. The weaver— if such he may he termed — 
simply selects from his bundle of yarn the right colour for 
a small defined section of the car]>et he is making, and 
knots this yarn into that section. As there is no limit to 
the colours em])l(:)yed and as the structure is firm and well 
knotted together, the result obtained is usually magnifi- 
cent. The Axminster carpet loom follows this hand method 
as exactly as possible. As each individual thread (or per- 
haps pair of threads) is “latched” by another distinct 
thread, hence the term “ unit” weaving. 

The group-unit system results from arranging as many 
threads as possible in a warp to interlace in the same way, 
and then to fix these uiion the same apparatus — usually 
a heald-shaft — which thus very simply works them all 
together exactly as required. Thus if there are 2,000 ends 
in a warp and plain cloth is to be produced, the odd ends to 
the number of 1,000 will be mounted on one heald-shaft, 
and the even ends to the number of 1,000 upon another 
heald-shaft. Thus each thread is a unit to itself, but there 
is a grouping of units to effect simjdiffcation in production. 
This system is by far the most frequently employed, and 
consequently will be dealt with at some length later. 

The average weaving method is quite distinct from the 
other two methods, as no attempt is here made to work 
each thread with absolute accuracy as in the other two 
methods. In certain Electric Jacquards,^ for example, a 
rough selection of the threads in accoillance with the 

^ Cnrvoi’s Pil(‘cinL* Jacquard, at proHcut tried in the linen 

districts of Ireland, is an ex(‘cllciit oxainido of this sj’^jteni, 
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requirements of the design is effected, while in the case of 
the Lappet frame, although an endeavour is made to work so 
accurately that each needle places its thread precisely in 
the cloth, still a rough averaging up only is attained. 
With more perfect mechanical appliances it is just possible 
that this system will be much more fully utilised in 
the future. The Bzczepanik designing and card-cutting 
apparatus forms an interesting attempt in this direction. 

Group-Unit Weaving. — In this method of weaving it is 
obviously necessary that all previous processes to the 
actual weaving should he perfectly carried out if really 
satisfactory weaving is to be the result. The first necessity 
is a yarn which will weave satisfactorily. To obtain 
this at a reasonable rate becomes year by year more 
difficult, as the tendency towards cheapness becomes 
more pronounced. As a rule a yarn with a minimum 
strength of 4 ounces is the very weakest which should be 
employed. 

The warping oi)eration consists in obtaining a given 
number of threads (say 2,000), of a given length (say 
100 yards), in a given order (sometimes any order will do ; 
sometimes a colour scheme, say four black, two giey, foui 
white, two grey, must be maintained), and at an equal 
tension, in a convenient form for being wound on to the 
warp-beain of the loom. Hand-warping is only resorted to 
for pattern warps. The upright warping mill is still 
largely employed both for cotton and wool wari)S, but is 
frequently inefficient, as it tends to develop stiipiness in 
the pieces— both a sectional stripiness and a distributed 
stripiness, owing to its failure to control the tension on 
individual tlfteads unless very carefully set and geared. 
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The cheese system is still largely employed, but again tends 
to show a defect in choes(^ widths, which while not notice- 
able in fancies, in plains may become very objectionable. 
The Scotch or horizontal war])ing mill is gaining in favour 
and for fancies is practically perfect, but for plains also 
tends to show a defect in section of the number of bobbins 
warped with. The warper’s beam system, all things con- 
sidered, seems the most perfect system, as all defects tend 
to become distributed and thus neutralise one another. 
This system is simplicity itself for plain warps, and for 
fancies, with a little arrangement, may also be used to 
advantage. 

Sizing follows warping, the idea being to coat the thread 
and thus prevent its wearing Huffy in the gears of the loom; 
and further, if possible, to strengthen the thread. In the 
past the tendency has always been to put vegetable size 
on to vegetable fibres and animal size on to animal fibres. 
To-day, how^ever, the tendency is to i)ut vegetable sizes 
on to every kind of material, no doubt on account of cheap- 
ness. Of course care must be taken that the vegetable 
size is readily extracted from the fabrics during the finish- 
ing operation, otherwise clouded pieces, owing to this 
irregular sizing, may result. Certain combination warping 
and sizing machines are placed on the market, but the call 
for these has rather declined than increased. 

After sizing follows dressing, which consists in winding 
the warp at a uniform tension — both across and lengthwise 
— on to the loom beam. English dressers prefer to com- 
press the warp on the beam with the tension that the warp 
itself will naturally stand, but American dressers often 
attempt to compress the warp still further in (5rder that the 
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warp })eam may be made to carry a grejiter length of warp, 
thus saving a certain number of tyings-in. 

Drawing or twisting-in follows. If the warp is to be 
passed through a now set of gears it will have to be drawn 
by hand through these. A good drawer-in w'orkiiig with a 
reacher-in passes about 1,000 to 1,‘iOO threads per hour. 
Sliould it only he necessary to twist or tye the new W'arp 
to the warp — or “thrum” as it is called -already in the 
gears this may readily he ellected either in the loom or out 
of the loom at the rat(5 of about 1,800 threads per hour. If 
the war]) is ])lain and no ])recise order of coloiii'ed threads 
iiocessary, tlio recently introduced “Bjirher-Wav]) Tyer” will 
twist or rather tyo-in a warp out of the loom at the rate of 
250 knots or threads per minute.^ This machine works on 
the “average” princij>le ; thus, although almost perfect, it 
cannot he relied upon to maintain an absolute order of the 
colou’’": in a fancy warp. 

lleference may here he made to thei various styles of 
healds put on the market. It is probable thiU not nearly 
sufficient attention is given to this section of tlie w’ork, as 
good wearing, easily regulated, and convenient styles of 
healds are most necessary. Of late wire healds seem to 
have come much more into use, but there are good and 
very had styles of wire healds, so that great care should he 
exercised in selecting those. Again, a shed full of wire 
healds means much more W'eight for the engine to lift. 

After drawing-in, “ sleying,” or the i)assing of the threads 
singly or in grou])s of two, three, four, five or six through 
the reed is necessary. This is effected at the rate of about 

* A inochaiiiciil “ driiwing-in” lauuliine is now i)la(:L*(l o/i the 
niiu'ket. 
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2,000 threads per hour hy means of two sleying knives 
worked alternately hy hand. Heeds again should receive 
more attention than they at present claim. English reed 
makers can make a good ordinary article, but German and 
French reed makers are much ahead in the production of 
really fine reeds with properly feathered dents regularly 
soldered together. 

After the warp has been passed through the gears and 
reed the warp- beam and gears must be lifted into the loom — 
the gates in the loom shed being sufliciently wide to ensure 
this without damage to either warp or gears, the gears hung 
in position, the reed placed in position, the warp attached to 
the cloth beam hy means of a level wrapper, and then after 
the necessary gearing up the actual operation of weaving 
ensues. 

The principal movements during weaving are as follows; 

Shedding, or forming a passage for the shuttle through 
the warp threads, certain of the threads being definitely 
raised and the others depressed ; threads lifted and depressed 
being varied for a succession of sheds. 

Picking, or the throwing of the shuttle through the shed 
which has been formed, leaving the pick behind it in 
the shed. 

Beating-np, i.e., the reed beating the pick just inserted up . 
to the cloth already formed to make a firm, even texture. 

Letting-off, i.f\, unwrapping warp from the warp-beam to 
take the place of that used up in interlacing wdth the weft 
to form the cloth. 

Taking-np, i.e,, winding up on to the clotlf beam the cloth 
woven, this movement of necessity being worked in con- 
junction w ith the letting-off. 
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There are two types of coml) in use, tln^ horizontal eii'- 
cular and tlie vertical circular. The Noble conil) is the best 



representation of the horizontal circular (I'i^^s. 3H and ;18 a). 
The combing operation here is based upon the drawing out 
of the long fibi;es between the diverging circles until the* 
one having th« shortest end as it were leaves go, leaving the 
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long fibres hanging on the outside of the small eirclo and the 
inside of the large circle, from which they arc drawn off by 
suitably ])laced rollcTs. Small drawing-off' rollers enable this 
comb to satisfactorily treat very short wools. The noil in 
the meantime has been held within the ])ins, and ultimately is 
taken off from between the ])ins of the small circles by what 
are known as noil knives. 1'he ])iiming of Noble comb circles 



should be delhiilely based upon the diameter of the pin 
and the space to leave in between for the fairly free running 
of the fibres— say, one-fourth pin to three-fourths space. 

« As the satisfactory holding of the fibres by the pins is 
the basis of the Noble comb, it will be realized that, not 
only must the distance apart and thickness of the pins be 
taken into account, but also the set-over or space over which 
the pins are set (see Figs. 40 and 40a). 

The Heilman comb in its various forms ia the best 
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a Botany Comb the “ set over” for A is ^ tho “ set over ” tor 
B is If. 



example of the vertical circular comb. Briefly, it consists 
of a pair of jaws to hold a tuft of fibres, a comb cylinder to 
comb one end of this tuft, a pair of rollers to take hold of 
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the combed end, combs througli which the uncombed end 
may be drawn and thus combed, and a continuous lap 
forming arrangement. As in most combs the operation of 
combing must be more or less gradual, the comb cylinder 


K 42. — Cone 
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here employed has the first row of teeth fairly openly set, 
the next closer, and so on, the finest being set a))out 60 per 
inch for w^ool and about BO for cotton. There is also a 



drafting •rollors; R, porcupine; (\ front drafting rollers; 
rubbing leathers ; K, balling head. 

preparation of the sliver for combing prior to the jaws 
referred to coming into action. 

The Drawing-box.— This is similar in many respects 
to the gilljbox, but lacks the gills or fallers, their 
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place being taken by carriers wliicli support the wool 
between back and front rollers. The distance between back 
and front rollers is usually somewhat greater than the 
length of the longest iibre being trealed, so that in part 
fibre may b(3 said to be woi'ked by fibre {see Eig. 41). 

The Cone Drawing-box.— So far as the drawing action of 
this box is concerned the action is the same as in the 
ordinary box. As remarked, however, with red'erence to 


£ 



the scouring machine, the getting of the mab'rial into the 
machine and out of the machine ngain may be no trifling 
matter ; in fact it may be and in this case is more of a 
problem than the main operation itself. To put the matter 
briefly — in a cone-box the material is posilively wound 
onto suitable sized bobbins with practically no strain upon 
it, while in the case of the ordinary drawing-box twist must 
be put into flu* sliver to give it sullicient strength to pull the 
bobbin round after the fi\(;r. It is thus evident that with a 
cone-regulated wmd-on two great advtintages aecrue— firstlv, 
the slivers may be drawn mm)h softer and thus a l)etter final 
spin obtained, and less consumption of pow'or in the machine 
be required; and secondly, larger bobbins ftiay be employed, 
resulting in more economical working, especially for large 
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quantities. Tt is also interesting to iu)t (3 that as both 
flyer and bol)l)in are positivcdy driven, bobldn may lead 
flyer instead of flyer biadinj^ the bobbin as ordinarily obtains. 
The relative advantages of these two methods are worthy 
of careful consideration. 

It is interesting to note that with the ccme frame the 
limit of the strength of the sliver is not in the winding on 
to the bobbin, but in the pulling of the sliver or roving off 
the bobbin (see Fig. 4‘2). 

The French Drawing-box. — Tfiis consists of back-rollers (A, 
A'), ]K)rcu[)in(! nr chcular gill or id.n‘c controlb'r (/f), front 
rollers ((’), rubbing leatluu-s (/>), and delivering bead (E) 
(Figs. 4‘1 and PIa). No twist is here ins(‘rt(‘d. so that a )>ith- 
likc thread is produced. The arrangiunent enables doubling 
and drafting to Ik* (‘flV(4.ed most readily and with little fibre 
strain, and juaetically does away with the ne(U‘ssity for gills 
working on screws. The value of this nu'.thod of producing 
soft spin ini.xtinvs has prolialdy not yet lM‘en fully realized in 
this country. It is int(‘r(‘s1ing to noti* l^at French drawdng- 
boxes are interesting not only owing to their essential {)rinci])lo 
of the ()])en ti’catiuent of wool sliv(‘,rs, but als(» (»wing to the 
special f(‘ed and delivery neca'ssitated. Tims tlu^ teed -creel 
carries tin*, balls of sliveis iqiright, thus reducing friction ; 
and the delicate slivers issuing from the ruldiing leathers are 
built u]) on a,n ordinary traverse balling hea,d or, it very fine 
and delica,te^ as in the last rov(‘r. ujion a va,rial)le-traverse 
balling head, which lays the slivers side by side in a beautifully 
exact manner. 
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TIIK PlllNClPl.KS or VVEAV1N(J 

As previously remarked, tlic art of weaving, or perliaps 
more correc.tly t he. aii of “ interlacing,” preceded that of 
spinning. The “wattles” we read of in connection with 
early methods of ])uilding w(‘re no douht willow or other 
pliant stems (d trees or ])iants interlac(‘d to form a firm foun- 
dation tor })laslering upon. Baskets were similarly made 
from twigs of suitable thickness, and many other interlacings 
no doubt prec.eded the actual art of weaving in the evolution 
of every race and every country. The idea of actuating in 
two series all the strands running in one direction, forming a 
“ warp,” would soon develop where strands or threads of any 
required length were forthcoming from whicdi to form the 
warp. The half-heald worked by hand would then appear, 
followed by the full-heald bringing the feet into play as an 
aid to the hands. The method of throwing the weft through 
successive sheds or openings of the warj)-threads would 
similarly pass through many stages Indore arriving at the 
present day shuttle and picking apparatus : indeed the fly 
shuttle itself only apf)e,ared in 1738. At first the whole length 
of warp would be stretched out upon the ground and the 
weaver would advance as he interlaced the weft from one end 
of the piece to the other. Then the idea of winding the woven 
cloth on to a roller, letting in the warp from^n extension rope, 
would be developed. The idea of beaming the^ivarp on to a 
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roller and of winding up the cloth as woven in order that the 
weaver might remain seated in one position and thus work to 
the greatest advantage is still in embryo in some semi-civilized 
districts. It is more than probable that long before the hand- 
loom was in any sense developed very elaborate textures were 
produced -very laboriously it is true — by hand, almost thread 
by thread and pick by pick. The art of gauze weaving, for 
example, was perfectly known to the Egyptians, as in 
mummy cloths we find some really elaborate styles of this 
order of interlacing. Pile weaving would also be practised 
in very narrow fabrics or ribbons. Thus it may be said 
that the art of weaving ])as8ed from the stage when very 
simple means were employed to effect interlacing, to the 
stage w'hen very comjdex hand processes were employed 
in pi'oducing elaborate design; then through a stage in 
which endeavours were made to markedly increase tlui 
output by the hand method, finally culminating in the auto- 
matic production of fabrics on the pow(u*-loom. It may 
safely be said that so far as we can tell all the most 
intricate and pleasing methods of weaving by hand came 
to England from the Continent of Europe, (hi the other 
hand most of the mechanical methods of reproducing the 
somewhat complicated hand methods went from this country 
to the Continent. Of course there are exceptions to this, 
but such are exceedingly few and really trivial. 

To-day iimay be said that there are practically three 
kinds of weaving, viz.:— Unit Weaving, as illustrated in 
Axminstcr carpets; Group Unit Weaving, as illustrated 
in the ordinary loom ; and Average Weaving, as illustrated 
in Lappet weaving and in the Electric Jacquard. 

The Axinittster carpet method of weaving is simply an 
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imitation of the Oriental knot, as practised in the making of 
Turkey carpets and in certain Gobelins tapestries, both hand 
productions. The weaver— if such he may be termed — 
simply selects from his bundle of yarn tlie right colour for 
a small defined section of the carpet he is making, and 
knots this yarn into that sijction. As there is no limit to 
the colours em})loye(l and as the structure is firm and well 
knotted together, the result obtained is usually magnifi- 
cent. The Axminsttu- carpet loom follows this hand method 
as exactly as })Ossible. As each individual ])ile thread is 
“ latched ” by anotlua’ distinct tlircad backed by other 
threads, the term “ unit ” w(;aving is employed. 

The group-unit system results from arranging as many 
threads as possible in a warj) to interlace in the same way, 
and then to fix these upon the .^ame apparatus— usually 
a h(;ald-shaft- -which thus very simply works them all 
together exactly as recpiired. Thus if there are 2,000 ends 
in a warp and jilain cloth is to be ju-oduced, the odd ends to 
the number of 1,000 will be mounted on one heald-shaft, 
and the even ends to the number of 1,000 uiion another 
heald-shaft. Thus each thread is a unit to itself, but there 
is a grouping of units to effect simjdification in production. 
This system is by far the most frequently employed, and 
consequently will be dealt with at some length later. 

The average weaving method is quite distinct from the 
other two methods, as no attempt is here ingde to woi'k 
each thread with absolute ac'.curacy as in the other two 
methods. In certain Electric Jacquards,^ for example, a 
rough selection of the threads in accordance with the 

1 Carver’s Electric Jacquard, eiriployed to a liiui1e<l e.xtent in the 
linen districts of IrcJuml, is an excellent example of tlvs aystem. 
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requirements of tlie design is elKected, wliile in the case of 
the Lappet frame, although an endeavour is made to work so 
accurately that each needle places its thread precisely in 
the cloth, still a rough averaging up only is attained, 
AVith more perfect mechanical appliances it is just j)ossihle 
that this system will he much more fully utilised in 
the future. The Szczepanik designing and card-cutting 
apparatus forms an interesting attem])t in this direction. 

Group-Unit Weaving. — In this mdliod of weaving it is 
obviously necessary that all ])revious processes to the 
actual weaving should he 2 ‘orfectly carried out if really 
satisfactory weaving is to he the I'c^sult. The first necessity 
is a yarn which vill weav(‘ satisfactorily. To obtain 
this at a reasonable rate becomes year by year more 
difficult, as the tendency towards chea])ncss becomes 
more ju’onounccid. As a rule a, yarn with a minimum 
strength of 4 ounces is the very weakest \Nhich should be 
enqdoyed. 

The warping oijeration consists in obtaining a given 
number of tbri'ads (say 2,000), of a given length (say 
100 yards), in a givcui order (sometimes any order will do ; 
sometimes a colour scheme, say four black, two grey, four 
white, two grey, must be maintained), and at an equal 
tension, in a convenient form for being wound on to the 
w^ari)-l)eam of the loom. Hand-warping is only resorted to 
for l^atterp warps. The ujuu'ght warping mill is still 
largely em})loyed both for cotton and wool warps, hut is 
frequently inefficient, as it tends to devidop stripiness in 
the pieces — i)oth a sectional stripiness and a distributed 
stripiness, owing'to its failure to control tlu^ tension on indi- 
vidual tlirci^s and groups of thr(‘ads unless very carefully 
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sot and goarod. The ch(‘,osc system is still largely employed, 
but again tends to show a defect in cheese widths, which while 
not noticeable in fancies, in plains may become very objection- 
able. The Scotch or horizontal warping mill is gaining in 
favour and for fancies is practically ])erfect, but for plains 
also tends to show a defect in secti(nis of the miniber of bobbins 



Ei( 5. ^-1. Jinj)r<)ve(l Beaming MiKihiiie. 

waiped with. The warj)er's beam system (Fig. 44), all things 
considered, s(iems the nK>st p(U’fect system, as all defects tend 
to become distributed and thus neutralize one another. This 
system is simplicity itself for ])lain wra]>s, and for fancies, 
with a little arrangement, may also be used to advantage. 
The American s})ooliiig system of waiping ap])ears to be 
losing favour, even in the United States and* Canada, but may 
be useful under certain limited conditions. 
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Sizing follows warping (see Fig. 4Ja), tlio idea being to coat 
the thread and thus prevent its wearing flufty in the gears of 
the loom ; and further, if possible, to strengthen the thread. 
In the past the tendency has always been to put vegetable 
size on to v(‘ge.table fibres and animal siz<‘, on to animal fibres. 
To-day, however, the tendency is to put vegetable sizes on to 
every kind of material, no doubt on account of cheapness. 
Of course care must be taken that the veg(‘table size is readily 
extracted from the fabrics during the fini^iing operation, 
otherwise clouded pieces, owing to this irregular sizing, may 
result. CiU'tain c-ombination warping and sizing machines 
are placed on the market, but the call for these has rather 
declined than increased. Hot-air drying rather than cylinder 
drying is now almost universal for wool warps. 

After sizing follows dressing, w'hich consists in winding 
the warp at a uniform tension— both across and hmgthwise 
— on to the loom beam. Fjuglish dressers ]>refer to comju’ess 
the war]) on the beam with the tension that the warj) itself 
will naturally stand, but American dn^ssers often attimipt to 
compress the. war]) still further in order that the warp beam 
may be made to cany a greater length of warp, thus saving 
a certain number of tyings-in. 

Drawing or twisting-in follows. If the warp is to be passed 
through a new set of gears it will have to be drawn by hand 
through these. A good drawer-in working with a reachcr-in 
passes about 1,000 to 1,200 threads per hour. Should it only 
be necessary to twist or tye the new warp to the warp — or 
“thrum” as it is called- -already in the gears, this may 
readily be effected either in the loom or out of the loom at 
ifche rate #)f about 1 ,800 threads per hour. If the warp is plain 
and no precise order of coloured threads necessary, the recently 
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introduced l^arbcr-War)) Tv<‘r ” (Fig. 4k’) will twist or rather 
tye-in a war]) out of the loom at the rate of 250 knots or threads 
])er minute.^ This machine works on the “ average ” ])rinciple ; 
thus, although almost perfect, it cannot be relied upon to 
maiatain an absolute order of the colours in a fancy warp. 

lleference may here be made to the various styles of healds 
put on the market. It is ])robabh‘. that not ii(‘arly sufficient 
attention is given to this section of the work, as good wearing, 
easily regulated, and convenient styles of healds ar(‘, most 
necessary. Of late wire healds seem to have come much more 
into use. but there are good and very bad styles of wire liealds, 
so that great care should be exercised in .sele(!ting these. 
Again, a shed full of wire healds means much more weight for 
the engine to lift. 

After drawing-in, “ sieving, ” or the passing of the threads 
singly or in grou])s of two. three, four, five or six through 
the reed is necessary. This is effected at the ra.tc of about 
threads per hour by means of two sieving knivi's worked 
alternately by hand. Keeds again should re(H‘ive more 
attention than th(‘y at present claim. English reed makers 
(;an make a good ordinary article, but (ferman and French 
ret^d makers are much ahead in the production of really 
fine reeds with pro|>crly feathered dents regularly soldered 
together. 

After the warp has been passed through the gears and 
reed tiie warp-beam and gears must be lifted into the loom — 
the aisles in the loom shed being sufficiently wide to ensure. 

1 A raechtiniciil “ drawing-iii ” (Fig. 44b) maebine is now j)lacodion 
the market. A “lease-picking” machine is also used in America to 
pick a lease after sizing by means of which to select the threads !for 
tying or drawing-iu. I 
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this without damage to either warp or gears (or better still a 
single overhead rail laid on to trdns]);)rt beams and gears- 
from the warping room dirtict to any loom in the shed), the 
gears hung in })osition, the reed placed in i)osition, the warp 
attached to the cloth beam by means of a level wrapper, and 
then after the necessary gearing up the actual operation of 
weaving ensues. 

The principal movements during wt^aving are as follows ; 

Shedding, or forming a passage for the shuttle through 
the warp threads, c(*rtain of the threads being definitely raised 
and the others dejm'ssed ; threads lifted and depressed being 
varied for a succession of sheds. 

Picking, or the throwing of the shuttle through the shed 
which has been formed, leaving tln^ pick or weft-thread behind 
it in the shed. 

Beating-up, I.e., the re(Hl beating the ])ick just inserted up 
to the cloth already formed to make a firm, even texture. 

Letting-o£f, i.c., unwrap]:>ing warp from the warp-beam to 
take the place of that used up in interlacing with the weft 
to form the cloth. 

Taking-up, i.e., winding uj> on to the cloth beam the cloth 
woven, this movement of necessity Ixdng workt'd in (fon- 
j unction with the letting-off. 

The following accessory mechanisms are practically neces- 
sary to ensure economical and satisfactory work : 

Tie Boxing Mechanism, by means of which any re[uired 
C/olour of yarn is presented, in its shuttle, on the j)icking plane 
eVid thus thrown into tin* cloth in the order required. 

&e The Stop-Rod or the Loose-Reed-Mechanism, through which 
ande loom is brought to a standstill should the shuttle fail to 

ach the box, serious breakage of warp threads thus being 
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avoided. Tlio first style is a])plied to jdain or rising box 
looms, the latter to eircnlar box looms. 

The Weft-fork Mechanism, which only permits the loom to 
go on with its woj'k while weft is ]>resented to it. Should 
the Y^eft be broken or absent the loom is immediately brf)Ught 
to a standstill. There are two forms, the side-weft fork for 
plain looms and looms with boxes at one end only, and the 
centre-weft fork for double box looms. 

The Warp-Stop Mechanism, by means of which the loom is 
brought to a standstill should any war]>-thread brt'.ak. 

The Spooling or Shuttling Mechanism, by nutans of whicdi 
when the (50p of yarn placed in the shuttle is finished or about 
to be finished eitlua* it or the whole, shuttle is automatically 
ejected and a fr<‘,sh spool or shuttle pushed in to take its place 
ill the first e-as(‘ without sto]>])ing the loom and in both cases 
without the inte,r'vention of tin* attendant. 

Before descritiing C(‘rtain tyfiical looms pla(;ed upon the 
market reference must be made to the various methods of 
tiffecting the primary weaving movements and also to 
certain points of importance with reference to the accessory 
mechanisms. 

Shedding. — To the uninitiated this may seem a simple 
matter requiring little consideration. Perhaps tliis would 
be so were the yarns which it is necessary to weave always 
strong and were time no object. But yarns must some- 
times be woven which will hardly stand dressing, and looms 
must run from 80 up to 300 picks a minute — although a high 
speed is by no means always economical — and thus it comes 
about that moat careful and detailed consideration must be 
given to every point in the shedding mechanism. The- 
chief points for consideration are — firstly, the method of 
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selecting the healds to he raised and the healds to be 
lowered — absolute certainty must here be ensured ; secondly, 
the movement of the healds to put as little strain as possible 
on to the ^Yarp threads during the change of shed ; and 



EiO. 1.). — Tappet Loom with outside treading. 

thirdly, the satisfactory holding of the tiireads up apd the 
threads down during picking to ensure the safe passage of 
the shuttle. Of the varied mechanisms to effect this, the 
. Tap[>€t mechanism (either inside or outside^ tread, with 
“top” or “under” motion) is the simplest and most 
satisfactory, as the curve for the “ rise ” and for the “ fall ” 
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of the heald-Hhaft can be made to give a simple harmonic 
motion or any other desired motion, ^hile the “ dwell ” of 
the heald-shaft may be regnlaled to a nicety (Fig. ^5). 
There has recently been pla(;cd on ilie market a centre-shed 
Tappet which markedly tends to cllect p(‘rfect interlacing of 



Fk.. Heavy Coatinfj: I.ooin. 

the threads at the least possible tension. rnfortimat('ly, the 
interlacing or figuring capacity of the Ta]>pet loom is not- great, 
so that for anytliing above a w^eave repeating on J 2 to 1 (i sliaft-s 
a Do4)by must be employed, while for anything above, say, 
3G shafts, a Jacupiard is employed. The shedding arrange- 
ments of Do])by looms are usually in some sense an imitation 
of the Tappel action (s«*e. Phg. IbA), but the following variations 
are to be met with : close shedding and open sh(*dding Dobbies, 
single-lift and double-lift Dobbies, with combinations of the 



SUU16. Each i)osBe 8 se.s certain advantages either tor the 
fabric being produced or in quick and perfect running. 
The only difference in principle between the Dobby and the 
Jacquard is that in the Dobby each heald -shaft may usually 
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Fl(i. 47. — Heneral viow of a JttC(|uar(l I^oodi. 
be eeiitrolled })<)sitively wlietlier lifted or depressed, while 
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in the Jacquard the lifting only is positive, the depressing 
being effected by weights on the harness cords. The usual 
figuring capacities of Jacquards are— Bradford, 300 or 600; 
Huddersfield, 400; Belfast, 1,200 to 1,800; but there are 
naturally variations from these precise numbers in each 
district and for specific purposes. (See Fig. 47.) 

Weaving wages largely dei)end ui)oii the shaft or harness 
capacity of looms. 

Kcking. — The throwing of the shuttle through the shed 
—under the guiding influences of the shuttle-race and reed 
—is a most difficult and important matter. If thrown too 
strongly it is liable to break the weft yarn and to wear itself 
and the loom out quickly, and if thrown too weakly the loom 
• knocks off. Again, the tendency of shuttles to fly out of the 
shed has necessitated the adoption of shuttle-guards to 
protect the weavers. There are two main types of picking 
motion;?, viz., over and under. The over-pick is the 
* sweeter ” nd safer, but unfortunately consumes a large 
quantity of pickingy-strap. The under-pick partakes less 
of the slinging ch^acter than does the over-pick, so 
that for the weaving lightly-twisted weft varns such as 
mohair and alpaca the ^ver-pick system possesses marked 
advantages. \ 

Beating-np. - Sufficient attiVion is not jiaid motion 

by many loom makers, as the satisfactorv running o'^ 
loom may largely d(*pend ujion the satisfactory running 
the going-part which carries the shuttles, etc., as well as" 
the reed. The points to be carefully considered are — sweep 
of crank, length of connecting pin, method of attachment 
of connecting pin to sword-arms, and the lelationship of 
sword-arm coimections to crank centre. 
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Letting-off and Taking-up. —These two niochanisms are 
usually worked in conjunction, for what the cloth requires 
must be delivered to it by the warp-beam. Both these 
' mechanisms may either be positive or negative, but usually 
the taking-up motion is positive (so that the wefting .of the 
cloth is perfectly controlled) and the letting-off negative. 
The latest form of positive letting-off motion, however, in 
which the tension of the warp itself regulates the letting-off, 
has proved a marked ])racti(5al success and is nearly always 
ado})tcd for heavy wefting. For lighter work and even for 
some forms of heavy work the ordinary or s])(‘.(5ial form of 
negative letting-off motion is adopted. The taking-up of 
the cloth woven is almost invariably effected by means of a 
friction or sand roller (wliich bears upon the cloth beam, 
and thus turns it l)y friction at a fixed rate, notwithstanding 
its increase in circumference) driven through a train of 
wheels, the last one of which receives its movement from a 
pawl on the sword of the going-part. One or more of these 
wheels may lie changed to give the required number of 
picks in specific cloths. In the best train there is a direct 
relationship between the picks per inch and the teeth in the 
change wheel. 

The Boxing Mechanism. — Boxes are made in two forms — 
rising and falling, and circular. In rising boxes there is no 
limit as to size or number, while in the case of circular 
boxes there is a distinct practical limit in size, and it is not 
as a rule convenient to have more than six boxes to the 
round. Thus, for heavy thick materials rising boxes of 
great size are employed ; while for fine cotton^ silk, etc., the 
smaller circular boxes are mostly used. 

Looms are made in three forms with reference to their 
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boxes, viz., without boxes, ie., plain looms ; boxes at one end 
only ; and boxes at both ends. In looms with boxes at one 
end only there are limits in colouring, as only double picks 
may be inserted witliout very sj^ecial arrangement and loss 
of time, while in one most important type of circular box 
there is a furllier limit as to which colours may be ]>resentofl 
on the picking ])larie. Boxes at one or both sides are now 
largely employed in weaving solid (colours to eilcctually mix 
the w^cft yarn and thus guard against st leakiness. 

The addition of boxes to a loom usually reduces its speed 
f;qom 5 per cent, to 10 per cent, and necessitates the payment 
of a slightly higher wage to the weaver. 

The Stop-rod and Loose-Reed Mechanism.— -Plain and rising 
box looms arc fitted with the sto])-rod mechanism, while, 
circular box looms are usually fitted with the loose-reed 
mechanism. In the stop-rod mechanism the rc^^d is prevented 
from coming within less than, say, 1 inches of the fell of the 
cloth, unless the shuttle is in the box, by nutans of a stop- 
rod wddeh plays against a sjH^cial casting, t(Tmed the 
“frog.” As the shuttle normally enters the ])ox, however, 
it lifts this stop-rod clear of the “ frog ” and so the loom 
proceeds with its task. Should the shuttle fail to reach the 
box and stop in the shed, the loom is knocked-off by means 
of the stop-rod coming against the special casting or “frog,” 
which, in turn, acts upon the setting-on lever and loom brake. 
Few (ii* no warp threads will be broken dowji, as the reed can- 
not get nearer than about 4 inches to the fell of the cloth — 
a distance which is just judged sufficient to save breakr 'ji 
of warp threj^ds when the shuttle is left in the shed. 

In the case of the loose reed mechanism the shuttle ik 
allowed to knock the reed out to prevent the reed breaj ihg 
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the shuttle throuj^h the warp threads. To allow of this the 
reed is only lightly held until it is within, say, 2 inches of 
the cloth— when, if the shuttle had stopped in the shed, the 
reed would be forced out and the belt thrown on to the loose 
pulley— after which it is firmly loe.ked for the beat up. Owing 
to this locking and unlocking of the reed heavy wetting cannot 
be effected by this mechanism. 

The Weft-fork Mechanism. — In plain looms this is at the 
side, close to the sottiiig-on handle. It consists of a small 
three-pronged fork passing through a grid in the going- 
part, across which grid the weft has to pass. If the weft be 
present it does not allow the prongs of the fork to pass 
through the grid, but, instead, tilts the fork. At this 
moment a hammer head is drawn back by means of a 
projection on the low shaft of the loom (once every two 
picks), but nothing happens if the weft is there and has 
tilted the fork. If the weft is not there, however, the fork 
is not tilted and a catch upon its extremity is caught by 
the hammer head and the loom thus brought to a standstill. 
Mr. Pickle, of Plurnley, has patented a markedly improved 
form of this fork which mechanically may be considered 
perfect, and this cannot be said of the ordinary form. 

The centre weft-fork mechanism — which must be em- 
ployed when there are boxes at both ends — acts through 
the weft supporting if present, or allowing to fall if absent, 
a lightly-weighted fork, which, by means of a slide, is 
connected with the setting-on lever. 

The Warp-stop Mechanism. — While the weft- stop mechan- 
ism has always been considered as essential to the 
satisfactory running of a loom, the warp- stop mechanism 
has never been in favour, and obviously it can only be of 
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economical value in the ease of weaving tender warps (when 
possibly it helps to l)reak down threads) or where one 
attendant looks after a large number of looms. With the 
comparatively recent introduction of the automatic loom, 
warp-stop methods have increased in favour, hut their 
application in anything but very plain work is still 
comparatively rare. 

There are two forms placed on the market — the mechanical 
and the electrical. The chief objection to them is the time 
taken in readjustment when drawing in a new warp, while, 
of course, it is coiiceivable that they may in all warps 
occasionally cause ends’ to break down. Possibly the 
greatest advantage lies in that a w'oaver cannot produce 
nn imperfect piece as the loom will not run with ends 
down. 

The Spooling or Shuttling Mechanism. — This is the 
mechanism of most recent introduction, although so called 
' automatic looms were tried about forty years ago. If one 
weaver is to attend to sixteen or twenty-four looms, it is 
evident that there must be some self-siiuttling arrangement, 
or there will always be some looms standing. On the other 
hand, the additional mechanism involved may necessitate 
additional attention on the part of the tuner or overlooker 
—usually a high-wage man— and hence he will not be able 
to follow so many looms. 

In both the w^ool and the cotton trade the Nortlirop loom 
(Figs. 46, 48 and '19)~one form of the automatic loom— is being 
largely adopted. The spool ejecting mechanism in the cotton 
loom was brought into play by the weft running off, so that each 
change of spool was accompanied by a broken pick in the piece. 
This broken pidk would be a serious defect in cloths other. 
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extra value, may be added to worsted coatings by such 
a weighting agent as chloride of zinc. These, liowever, 
may be taken to be the exceptions which prove the rule. 
Most cotton goods are improved and rendered more sightly 
by either adding filling or by smoothing down the size 
already present in the warp yarn. Linen goods specially 
lend themselves to, one might almost say, “showing-off” 
a filling agent “ starch ” — in fact, it is quite questionable 
whether the goods should not be placed in the second 
class. Some certainly should ; others are not abnormally 
“filled.” Silks, being frequefitly woven in the “gum,” 
must be distdiargod in finishing ; but it is probable that 
the jiresonce of a small amount of silk gum in the bath and 
on the fibre is necessary to preserve the best characteristics 
of the texture under treatment. 

Finishing Processes and Machines. — As many processes 
and machines are common to all the recognised fabrics, 
such may be described generally prior to a i)articular 
description of the finishing operations necessary for 
representative fabrics. 

Mendhif), Knotting and Brniing . — This consists in repair- 
ing the broken threads and picks nearly always present in 
the fabric as it leaves the loom. It is also advisable to 
mend pure worsteds after scouring, as the faults are then 
more easily seen. The mending wage for fine worsteds is 
frequently equal to the weaving wage. Knotting and 
burling are also carried out at this stage. 

Scouring.— Tins consists in thoroughly cleansing the 
fabric prior to proceeding with the finishing proper. 
Certain cotton, cotton and wool, and silk cloths are so clean 
Hattersley the loom that the finishing proper is at once 

Automatic 
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proceeded with. Many wool goods, however, must be 
scoured fairly clean in what is known as the dolly ” 
or on the live-liole machine, before they will satisfactorily 
take the finish for which they are designed. Again, colours 
running in the scouring may often he scoured out, while 
if left in for the milling they will truly “ bleed ” and 
permanently stain the neighbouring threads and picks. 

Millimi. — This operation is equivalent to hammering or 
squeezing the cloth initil it has attained to a sufficient 
solidity. Wool only of all the textile fibres “ felts,” as it is 
termed, so that this operation is practically limited to wool 
or wool combi]! ation goods. 

Two machines are employed to elTect the required felting, 
yielding somewhat different results. The milling stocks, 
imitating the original treading action of the human feet, 
hammer the cloth (which is ijlaced in a liolder or receptacle 
so shaped that the falling of the hammer not only “ mills ” 
or iSts ” but also turns the cloth round so that its action 
is evenly distributed over all its surface). The action of the 
stocks is obviously of a bursting nature, giving “ cover ” on 
the fabric. 

The “ milling machine ” works on the squeezing basis, 
the cloth to be milled being squeezed up in lengths or in 
width or 'both according to requirements. This machine 
not only gives a more solid cloth, but also enables the miller 
to -control the width and length and consequently the 
weight per yard. 

Crahhuui, — This is an operation based upon the fixing 
qualities of -wet heat as applied to various textures, and upon 
the desirableness of the first shrinking and consequent 
setting of the fabric being very carefully controlled. The 

0 2 
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fabric to be “ crabbed ” is wound dry and perfectly level 
on to a roller and then under tension wound on to a 
roller running in hot water. From this roller the fabric 
may be run to another roller under similar conditions. 
There are various forms of crabbing machines, but the 
factors are always the same — wet heat and tension and 
weight. 

A very useful but somewhat dangerous machine is used 
for finishing certain cotton warp and wool weft goods, con- 
sisting of four or five rollers running in scouring and 
washing-olY liquors, round which the fabric is passed, 
followed by a series of drying rollers, so that the fabric in 
a tfeiise is continuously scoured, crabbed and dried. This 
machine is dangerous in that “ crimps ” are not eliminated 
as in the case of true crabbing. Of course this machine 
may be employed in conjunction with the crabbing machine 
when the above objection does not hold. 

A special crabbing machine employed in the woollen and 
worsted trade simply arranges for steaming while the fabric 
is being wound on to a true steaming roller upon which the 
fabric may be steamed and cooled ofi‘; or it may be wound 
on to a roller for “ boiling ” if necessary. 

Steaming . — If the fabric is to be steamed it is run from 
the last crabbing roller on to the steaming roller — a hollow 
roller with a large number of holes pierced from its central 
tube to its periphery — so that steam may be blown i^ight 
through the piece. The piece is usually re-wound inside 
out and re-steamed to ensure level treatment. It is then 
allowed to “ cool off.” The basis of this treatment appears 
to be a “ setting ” action, owing to the great heat employed 
no doubt partially dissolving or liquefying certain of the 
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constituents of the wool fibre. Prolonged steaming 
undoubtedly weakens wool fibres. 

Dyehuf , — From a mechanical i)oint of view dyeing may 
be conducted on either the “open width” or “rope ” method. 
Cotton goods, for example, must be piece dyed on the 
“ jigger ” full width if level shades are to be obtained, 
while wool goods are usually satisfactorily dyed in rope 
form. There is no satisfactory theory for this, but practi- 
cally as fact it is a most important matter. Mercerized cotton 
has such an afiinity for dyes that the utmost difficulty is 
experienced in finding a restrainer to eficct the even dis- 
tribution of the dye in light shades. Without some restrain- 
ing influence the first few yards might take up the whole 
of the colouring matter. 

kfost goods must be opened out after dyeing, as if 
allowed to cool in a creased state they retain their creases. 
The point here to note is that to take out a crease it requires 
a greater heat than the heat at which the crease was put 
into the piece. 

]V(iHhi}}(j‘Ojf . — This is a simple operation to ensure that 
all the unfixed colouring matters, etc., are cleaned out of 
the piece. As the action is mechanical, cold water may be 
employed. 

Dnjin/f . — This is usually effocted by passing the fabric 
round a series of steam-heated rollers. Owing to the way 
in tr!iich the fabric is wrajiped round these rollers it never 
rests for long upon one roller, so that it cannot be burnt ; 
again it is wrapped alternately face and back upon the 
rollers, so that it is really dried in the shortest possible 
time. In goods which may be worked by a straight pull 
on the Warp either horizontally or vertically arranged drying 
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rollers are ample ; but if any extension in width is desired 
a tentering machine must be employed. As previously 
explained, these drying rollers are usually arranged in 
conjunction with another operation — say, continuous 
scouring and crabbing. Of late there has been a mot^t 
marked tendency to hot-air dry. 

Tenteruuf, — This consists in holding the cloth tightly 
in the warp direction and widening it in the weft direction. 
To effect this the cloth is pinned by hand on to two con- 
tinuous tenter chains, which as they carry tlie cloth into 
the machine gradually increase the distance between them, 
thus tentering out the cloth. The “ give ” of tlie cloth is 
probably due to three factors, viz., give in the fabric struc- 
ture, in the thread structure, and in the fil)re itself. 
Obviously, unless the cloth is “ sot ” in this position it will 
more or loss shrink after the jn'oeess. To effect the 
setting the cloth must be fed into the machine damp ; in 
this condition it must bo widened or straightened out, and 
then in the widened out condition it must 1)6 dried. In the 
most approved tentering machines the expanding chains 
carry the fabric over gas jets which just supply the neces- 
sary heat for drying. A steam-jet i>ipe is also provided to 
damp the cloth just i)rior to or during tentering to give it 
the necessary plasticity. In the enclosed “ steam-i)ipe ” type 
of machine the efficiency of the machine is often imj^aired 
by the difficulty of getting away the hot moisture-chaVged 
air, but as drying largely dei)ends upon this and not so 
much upon the heat developed, this must be done if efficient 
and economical working is to be attained. 

It will be evident that goods “ tentering out ” will have 
p. tendency to shrink. London tailors are credited with 
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always testing the natural shrinkage of these goods by 
folding them with a thoroughly wetted and wrung out cloth 
for a day or two, and tlien noticing the shrinkage which 
has taken place. Goods so treated are spoken of as 

London shrunk.” 

Bmslnmj and Itakbaj. — After scouring, milling, etc., 
most wool goods and some few others present a very 
irregular face, neither clear nor yet fibrous. Tf a clear 
face is desired the few fibres on the face must he raised as 
much as possible in order that they may he cropped off in 
the crop})ing or cutting oiieration which follows. To effect 
this the face of the fabric is regularly presented to the action 
of a circular hrusJi or to the action of “ teazles.” 

Should a fibrous face be desired—tcchnically termed a 
” velvet ” face — the fabric must be rais(id wet on what is 
termed the “ raising gig ” from head to tail, from tail to 
head, and across if possible, to obtain a sufficiently dense 
fibre, naturally somewhat irregular in length. 

The “ raising gig ” proper carries teazles, which with- 
out damage to the foundation of the fabrics submitted to 
them raise a sufficiently dense pile. For ilannelettes and 
some other goods a stronger machine is required ; in this 
case wire teeth, specially constructed and specially applied, 
take the place of the teazles. Teazles themselves vary 
much in raising qualities; and the experienced raiser 
k)ifC»ws this and takes advantage of it. 

Croppiwj or Cutting,— To obtain a perfectly level face 
on fabrics they must be submitted to a “croj)ping” or 
“ cutting ’’operation. Formerly cropping was more or less 
efficiently done with large shears, but to-day much better 
and more accurate work is done by the circular 



m TEXTILES 

“cropper,” which, working on the principle of the lawn- 
mower, may he set to leave a pile of any required length, 
or if desirable to practically leave the fabric bare. The 
cutting action is duo to the combined action of the fixed 
bed and the spirally arranged revolving blades. 

Bmjciufj . — Some fabrics, such as Ali)acas, Mohairs, etc., 
are required to have a clear lustrous face such as no crop- 
ping machine can possibly leave. Singeing must here be 
resorted to. The fabric to be singed is quickly passed face 
downwards over a semi-circular copper bar heated to 
almost white heat. The sijeed of the cloth naturally 
decides to a nicety the amount of singeing ellected, but to 
avoid damage to the fabric a quick spt‘.ed is usually adopted 
and the fabric passed over, say, six times. Gas singeing is 
not extensively applied save in genapi)ing, ij\, singeing and 
clearing braid, etc., yarns. 

PreHiiin<j . — Jfy means of the hydraulic press great weight 
may be put on to fabrics, and they may thus be more or 
less permanently consolidated and in some cases lustred. 
Heat may be applied in the press, thus aiding in the fixing 
of the fabrics under treatment. 

Presses are practically made in three forms : ordinary, 
intermittent, and continuous. The ordinary j^i'ess simply 
receives its charge of cloths in the ordinary cuttled form, 
heat being introduced through the expanding or contracting 
press-plates separating individual pieces. Press pap:.^;s 
are placed between the cuttles of the pieces to form the 
surface against which the fabric is pressed. 

In the intermittent form about five yards is treated at 
once, suitably pressed and held stationary in the heated 
machine for, say, a minute, and then automatically moved 
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on 80 that the ensuing section of the fabric may be treated 
in like manner. 

In the continuous form the pressing is continuously 
effected. 

• The time factor naturally varies in all three forms, and is 
naturally the factor which decides which is the most 
efficient machine for particular classes of goods. 

—This operation simply consists in passing 
goods through heavily weighted and if desirable heated 
rollers which it is found break or render less “ caky ” 
fabrics passed through them. The probable action is to 
distribute rigidity or solidity. 

ScItmiicriiKj.- This operation consists in passing suitably 
constructed cloths between a pair of solid heavily weighted 
steel rollers, one of which has a plain papier-mache surface 
and tlie other is ruled with extremely fine lines from 190 to 
500 to the inch. The effect on the piece is to develop a 
really wonderful lustre specially up])licable to mercerised 
cotton goods. 

FiJUiiff , — As already remarked, it may be desirable or 
necessary to stiffen some goods to increase their utility. 
Again, some goods are “ filled ” simply to attain a desired 
weight. 

Soap or other agents may be cracked in pieces or the 
pieces may be definitely impregnated with some such 
a|^t as chloride of zinc. It is hardly necessary to add 
again that filling is rarely legitimate. 

Conditkminfj . — After fabrics have passed through a pro- 
cess involving the application of dry heat — such as singeing 
— they are unnaturally dry, and as a consequence are very 
weak. To give back the natural moisture, goods in such a 
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condition are passed throuj];h a niacliine which “sprays” 
them and thus causes the faludc to quickly regain the 
moisture and often the strength lost. 

The foregoing are the principal operations in finishing. 
The secondary operation such as hydro-extracting, hurl-* 
dyeing, extracting, etc., are of such minor importance that 
there is no need to specially refer to them here. 

W (tier proofing . — Fabrics may he rendered water-proof in 
three distinct ways. Firstly, the fibres of which they are 
composed may be rendered moisture-repellent, as, for 
instance when wool is subjected to the action of super- 
heated steam. Secondly, the fibres may be charged with 
a water-repellent substance, which thus prevents the passage 
of water save under jwessure. Oiled fibres, for instance, 
possess this characteristic, in these two cases the surface 
tension of the liquid which endeavours to pass through the 
fabric plays an im])ortant part. Thirdly, the fabric may 
be “ plastered ” or entirely coated with some such agent as 
india-rubber. 

All three methods are employejd, and there are, of 
course, combinations which are not precisely one or the 
other. 

General Notes. — To give an idea of how the foregoing 
o})erations are a])plied in finishing specific types of fabrics 
the six following lists are given 


WOOLLKN OLOTU. 
(.All Wool.) 

Mending, Uurling, etc. 
Soaping, 

Scouring. 

MUJjiig (f^lockf^ ) 
Milling (Machim ). 
Washing-oll. 
Hj<lro-cxtractijig. 


WoliSTEU (U.OTn. 
(AU Wool.) 
Mending, 15urliiig, etc. 
( 'rabbing. 

Sorijtmg. 

Scon ring, 

Mcixliiig. 
lagljl -milling, 
VViisbiug-otf. 


iUNmu Vauhic. 
((lotion and Wool.) 
Mending. 

( 'i-abbj /ig. 

Slcamiii.g ryid Setting, 

1 'vcing. 

Washing-ofT. 

Tcnl<irmg and Drying. 
Singeing (several times). 
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Woollen (!lotij. 
(All Wool ) 

(y rubbing. 

Tellb^ring uinl Drying, 
lirushing and D{!\v]Tig. 
Jluisiiig. 

^ dropping. 

llrusliing ami SU'uniing. 
(’uttirig. 

Pressing. 

SLeainmg. 

Guttling. 


Silk Kahuio.’ 
(N(«t Silk.) 

Singeing or ('ropj)ing. 
Disehaiging and Wash- 
ing. 

Drying. 

(Jylindciing. 


uatnping, or 
Dressing and Singeing. 
Calendering and Lus- 
tring. 

Polling or Plaiting. 
Pressing. 


WoimTEI) (iLOTII, 

Linino Fabuic, 

(All Wool ) 

(Colton and Wool.) 

1 lydrO'CX tract i iig. 

Wa.s1iiiig-ofV or 

Clubbing. 

Comlitioning, 

Tcntering and Drying. 

Tcntering. 

Dewing or t'onditioniiig. 
Hnishing and liaising. 
Cropping. 

Prusliing 

Dry Sleaiti Plowing. 

(hi tiling, Iligging. 
Folding and Measuring. 
Pie.ssing. 

Pressing. 

(.'OTTON FaHUKI.* 

TiiNEN Fabric.’ 

(Calico.) 

(Standard Style.) 

Singeing. 

Lirn(.-b(,i]ing. 

Sou ling. 

Washing. 

Wash 1 11 g. 

Souring. 

Saliiraling with Caustic 

M'ashing. 

Soda. 

1st Lyre boil. 

Kier Polling 

Washing. 

Wa.shmg. 

Cheniieing. 

(’Iieiiiiemg. 

Washing, 

Wasliing. 

Souring. 

Soul mg. 

Washing. 

M’ashmg 

2nil Lyre boil. 

Squceziug. 

Washing. 

Mangling. 

(iras^mg. 

Drying. 

Clieniieiiig. 

Filling. 

Washing. 

Drying. 

Souniig. 

Damping. 

Wa.sliing. 

St relching. 

Scalding.- 

Peotling oi Calendering. 

M ashing.' 

.Making-up. 

Chemicing.'-^ 

Washing.’'^ 

Souring.- 

Washiug.2 

Seulclimg. 
Water-maiigluig. 
Stai'chmg and blueing. 
Peetlmg. 

Preadtbening. 

( 'aiemlerliig. 

La|)piiig. 


’ These tk'tails are supplied by specialists in the respective branchc.s of 
Die industry. All are preceiled by operations equivalent to Mending, 
Hurling, etc. 

These processes must be varied in accordance with particular requirc- 
inciits. 
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The foregoing lists seem fairly comprehensive, but in 
reality they by no means convey a complete idea of the 
many different styles of finish. For woollen cloths, for 
example, some half-dozen typical and distinct finishes could 
be cited, and the other styles are by no moans without their 
varieties (see Fig. 53f). 

There can be no doubt but that more attention to the 
effects of “finish” is much to be desired. To thoroughly 
demonstrate the influence of each specific process the best 
method is to pass a suitable length of fabric through the 
necessary or d(^sirable 0})erations, and to cut off’, say, a yard 
length from the fabric aft(ir each operation as a reference. 
Thus^fora piece-dyed Botany coating ref(;rence lengths should 
be preserved of (a) warp and weft; (h) grey clotli; ((') scoured 
cloth ; (d) ])hlled cloth ; (c) dyed and teniered cloth ; 
(/) raised cloth ; (//) cut cloth ; (//) steamed cloth ; and 
(?) pressed cloth. The record of all the foregoing reference 
samples should include (1) counts of warp and weft; 
(2) threads and picks per inch ; (ID length and width ; 
(4) weight ; and (5) strength. Such records as these have 
been worked out in the Testing Laboratories of the Bradford 
Technical College during the past six to eight years, and 
are found to add most markedly to the efficiency, value and 
interest of the investigations undertaken. 



CHAl’TEE X 

TEXTILE CALCULATIONS 

In a general sense most textiles calculations have, and 
vsliould have, reference to the ultimate cloth produced. 

It is true that there is a distinct “ wool ” trade, a distinct 
“top” trade, and a distinct “yarn” trade, each of which 
is in a sense independent of the cloth trade. It is never- 
theless obvious that all nomenclature, designation and 

indication should he on some l)asis < 1» > 

readily understood and easily applied 

by the cloth constructor. ..X]) 

Unfortunately the “science of cloili 

construction ” was developed so late 

that not one hut many cumhersome i(j,_iiiustrat- 

methods had long been firmly established, , tljo Setting 

. ' , 01 Fabrics; also 

so that to-day a considerable portion of the Weights of * 

the designer’s and cloth -coster’s time is l^'i'bncs. 

wasted on calculations which, with full cognisance of all 

possible conditions, might easily have been eliminated by 

adoption of convenient standard systems for counts of 

yarn, sets, etc. 

Starting from the cloth it is evident that the most useful 
designatiofi for yarns would be in fractions of the inch (or 
of a decimeter). Thus I's yarn would have a diameter of 
1 inch, 2’s of i inch, 3’s of J inch, 4’s of ] inch, and so on, 
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or that 1, 2, 3, 4, etc., threads might be laid side by side in 
an inch. The “ set ” calculations for cloths on this basis 
would be very simple. On this basis, as shown in Fig. 49, 
with plain weave, a lO’s yarn would be set five threads per 
inch, a 20’s yarn ten threads per inch, and a 40’s yarn' 
twenty threads per inch. Moreover, on this system, the 
weight of the cloth would vary in inverse proportion 
to the counts, for, as shown, the cloth with 20’s count is 
half the thickness or weight of the cloth with the lO’s 
count, the cloth with 40’s count is half the weight of the 
cloth with 20’s count, and vice rcvfid. If the lO's count 
cloth was a 80 oz. cloth, the 20's count cloth would bo a 
15 0^5. cloth, and so on. Again, tbe “ sets ” or threads per 
inch and picks i)er inch for any given weave or ijiterlacing 
would be simplicity itself. As shown in Fig. 50, for example, 
the threads and picks per inch would be — 

Counts of yarn X threads in repeat of weave.^ 
Threads + intersections in re])eat of weave. 

2 

Thus with a (»0’s yarn in twill the set should be — 

~ threads and picks per inch. 

Of course the practical designer would slightly vary the 
set in accordance with the material he was using ; if rough 
and slackly twisted he would probably put 38 threads per 
inch, while if smooth, compact and hand-twisted, he nii^.t 
put 42 — 44 threads and picks per inch. He would also 
probably take into account the effects of finish, and, of 

t 

^ This is a fairl}' accurate a})proxi]uati(m for ordinary fabrics in 
which warj) and weft bend cnjiially. Note that it is only apjdicable in 
this fonn if count equals the diameter of the yarn. 
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course, the handle of the ultimate texture 
he hoped to i)r()duce. 

Unfortunately this simple system is 
quite out of count, firstly, hecauso yarn 
counts designate len^jjth and not diameter ; 
and secondly, because yarn and set 
numbers vary in dill’erent localities. 

Undoubtedly in the early djiys of the 
textile industry yarns W(!re spun very 
irregulai‘ly and to unknowu counts in any 
and every denomination. Then tluj idea 
of spinning a didinite weight of wool, say 

0 lbs., to a given length of yarn, so that 
a given length of piece could be got out of 
it, would impress itself upon the more 
thoughtful sj)inners. Thus the Leeds 
“ wartern" is b lbs., and if the yarn was 
spun to 1,58(> yards, or 1 yard per dram, 
it was called Us count, if to 2 yards ])er 
dram, 2’s count, and so on. In most 
localities, however, the unit of 1 lb. would 
be naturally adopted as the w'eight. 
Unfortunately there was not the same 
unanimity with reference to the length. 
To number 1 yard to 1 11). i’s count, 
2/fai •ds to 1 lb. 2’b count, 20 yards to 

1 lb. 20’s count ^vould be out of the 
question, as a very thick yam would then 
liave 25() al its number, and a fine yarn, 
say, 2,5()0 as its number. To reduce this 
count number to thinkable and workable 

• t 



Fig. oO . — Illustrating the Setting of Fabrics. 
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proportions, in some cases the weight was reduced,^ and 
in others the system of “hanking” was resorted to. But 
the localized character of the various industries unfor- 
tunately resulted in a varying weight and a varying 
number of yards per hank being adopted. In most count 
systems the hanks per lb. (avoirdupois) indicate the count. 
Thus 20’8 count e(pials 20 hanks per lb., BO’s count equals 
30 hanks per lb,, and so on. But the cotton hank is 


List IX.— Various Systems of Counting Yauns.^ 


LcHf/th roHstant. Weiff/d ritriahle. 





Viiids j» 

'1 li.-iiiK 

SyhU'm. 

WeifjliL 

of Hunk. 

y coiiiit, Ity 

L'aiiw iiniiit 




- i 111 (Is 

l)ei lb. 

Cotton 

lib. 

810 yards 

X 

1 

Worsted . 

lib. 

oOO yards 

X 

1 

Linen andTlemp 

111). 

300 yards 

X 

1 

Eaw Silk . 

1 oz. 

Number of yards 

X 

10 

Dewsbury 

1 oz. 

Number of yards 

X 

16 

Yorkshire Skeins j 
Woollen . . J 

0 lbs. 

1 ,o30 yards 

X 

*16 

Galashiels 

24 oz. 

300 yards 

X 

•06 

Hawick . 

20 oz. 

300 yards 

X 

•01 



(Juts Yds. 



Stirling and Alloa . 

21 lbs. 

48 X 2-10 (Spindle) 

* X 

•04 

West of England 

1 lb. 

320 yards 

X 

1 

Gei’man wool count . 

i kilog. 

2,200 Berlin ells 



Run (American) 

1 oz. 

100 yards 

X 

16 

Cut (Ainerican) 

lib. 

300 yards 

X 

1 

Metric 

1 kilog. 

’ 1,000 metres 

X 

*45 

French Metric . 

4 kilog. 

1,000 metres 

X 



^ The Yorksliire system may be said to be based upon the yards per 
dram, and there is also a system based upon yards per ounce, and 
1,000 yards per ounce. 

^ fcSee Bradbury’s “ Calculations in Yarns and Fabrics.” 
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840 yards the worsted, »5()0 yards ; the linen, 800 yards; 
Yorkshire woollen skein, 250 yards; West of England, 
420 yards; and GalaHhiels, 800 yards for 24 oz. ; so that 
further complexity has thus been introduced. With the table 
accompanying, however, the yards per !! . in any denomi- 
nation may readily he found, and from the yards per Ih. 
any weight or diameter calculation readily worked out. 

List IXa. — Various Systems ok Countino Yarns.^ 


lj*')i<ji}i mut<faui. Wmfht ranahle. 


Systnn. 

Unit of LcMiKfh. 

Unit of 
Weight. 

Ooiuil 

Halifax Kurall )istrict 

(SO yards 

1 >rani 


Jub', Heavy Flaxes 
and Hemp 

Outs Y<ls. 

48 XdOO (Spindle) 

lb. 


Denier System . 

Dram System . 

International Denier . 

Raw silk (17(1 
imdres or o20 
yards) 

1 ,000 yards 

oOO metre.s 

I )<mior 

Dram 

i doci- 
gramine 

Repeats of unit 
weight ill unit 

1 lengtli — the 
counts. 

Legal Silk count appd. 
in Paris, ]9(){) 

4o() metros 

1 deci- 
gramme 


American Grain 

20 yards 

Grain 



Curious to relate, the of the yards per Ih. of any 
material (with a suitable allowance of from 5 to 15 percent.) 

* No donUt oi'igiTiatiiia; from a reel of a eoiiveiiieui circmiifereiiee, 
with a eouvenicnt number of warps upofi it. 

*'* See ]ira(il|iiry’s “ Calculations in Yarns and Fabrics.” 

T. 
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gives the approximate working diameter of any yarn. 
Working backwards diameter^ = the area of a square, and 
the area of a square varies inversely to lengtli ; therefore the 
diameter varies inversely as the of the length, and as 
count of yarn is in proportion to length therefore the 
dianu'/rr of a jjarii rarirs invcrachf an the \ of the eonnls 
(that is denomination being the same). 

This accounts for the relationshii) of diameter of yarn 
and lengths or counts, but not for the of tlie yards 
per lb. being the actual numerical diameter in fractions 
of an inch. This coincidence suggests that there is 
some method in the madness of the English lb., yard 
and inch, and that they an^ not merely haphazard 
standards. If the metric count system is adopted the 
V metres per kilogram X 2*4 = the threads pen* decimeter, 
the decimeter being the most convenient unit to adopt 
for sets. 

The most important systems of counting yai'ns with 
length constant and weight va,riable are given in List JXa. 

In the foregoing particulars the inch is taken as tlie 
basis. Enfortunately the inch lias been taken as the basis 
in very few manufacturing districts. The reason for this 
is not far to seek. Bradford, for instance, apparently 
based its set particulars upon the yard, Leeds upon the 
J yard or 9 inches ; Blackbuni upon 1 ] yards ; while 
j)ossibly other districts, owing to French and Fleni’sh 
immigration, based their sets upon the Flemish ell or 
French aune — ] yards or 27 inches - which later possibly 
beingconverted into terms of the yard, would erti^te further 
confusion. 

But this is not all. It was evidently found c jnvenient to 
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warp with a given number of threads. In Leeds thirty- 
eight (termed a “ porty ”) were employed ; in Bradford 
forty (termed a “ beer ”), and so on. Thus it became 
customary for the set of a fabric to be defined by the 
number of times the threads warped with repeated in the 
standard width. Thus the Leeds “ set ” is the “ porties ” 
per quarter (9 indies),” the Bradford set the “ beers per 
36 inches or one yard.” Ho little impregnated with scientific 
method are the textile industries even to this day that 
these very local stiindards are still in full use. Thus the 
man who speaks of threads per inch in Bradford or Leeds 
mills Bjieaks in an unknown tongue, and is not in the 
least understood. Of course there is a tendency to reduce 
these sets to the threads per inch standard. Thus the 
Bradford man sometimes states the Bradford set as 
being based upon IJ threads per inch ; but even he is 
an exception and usually there is not the slightest 
endeavour to make the inch the slr.ndard ; in fact, there 
is antagonism of a somewhat violent character against any 
change. 

The following ai’e the principal set systems with their 
gauge points for finding the threads jier inch (see List X., 
]). 212). 

Some of the most dillicnlt calculations and also some of 
the easiest possible calculations which the textile designer 
hafito work out have reference to the weight per yard of the 
fabrics with which he deals. In the worsted coating and 
the woollen trade the weight per yard (usually 5-1 inches X 
36 inches) ^is the basis of all dealings; in the stuff, cotton 
and other trades, although often stated, it is by no means 
so important. Now under simple conditions of yarns and 
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gives the approximate working diameter of any yarn. 
Working backwards diameter^ = the area of a square, and 
the area of a square varies inversely to length ; therefore the 
diameter varies inversely as the s/ of the length, and as 
count of yarn is in proportion to length therefore the 
dianicirr of a iffini rarien lureyfichf an the s' ^he counts 
(tliat is denomination being the same). 

This accounts for the relationship of diameter of yarn 
and lengths or counts, l)ut not for the v' of tbe yards 
per lb. being the actual numerical diameter in fractions 
of an inch. This coincidence suggests that there is 
some method in the maxiness of the English 11)., yard 
and inch, and that they are not merely hapluizurd 
standards. If tbe metric count system is adopted the 
s^ metres per kilogram X 2*4 = the threads per decimeter, 
the decimeter ])eing the most convenient unit to adopt 
for sets. 

The most important systems of counting yarns with 
length constant mid weight variable are given in List IXa. 

In the foregoing i)articulars the inch is taken as the 
basis. Thifortunately the inch has been taken as tbe basis 
in very few manufacturing districts. The reason for this 
is not far to seek. Bradford, for instance, apparently 
based its set particulars upon the yard, Leeds upon the 

yard or 9 inches; Blackburn upon yards; while 
possibly other districts, owing to French and Flem’^h 
immigration, based their sets upon the Flemish ell or 
French aune—ij yards or 27 inches- which later possibly 
being converted into terms of the yard, would eremite further 
confusion. 

But this is not all. It was evidently found cjnvenient to 
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warp with a given number of threads. In Leeds tliirty- 
eight (termed a “ porty ”) were employed ; in Bradford 
forty (termed a “ beer ”), and so on. Thus it became 
customary for the set of a fabric to be defined by the 
number of times the threads warped with repeated in the 
standard width. Thus the Leeds “set” is the “ porties ” 
per quarter (9 inches),” the Bradford set the “ beers per 
86 inches or one yard.” So little impregnated with scientific 
method are the textile industries even to this day that 
these very local standards are still in full use. Thus the 
man who sjieaks of threads per inch in Bradford or Leeds 
mills speaks in an unknown tongue, and is not in the 
least understood. Of course there is a tendency to reduce 
these sets to the threads per inch standard. Thus tlie 
Bradford man sometimes states the Bradford set as 
being based upon threads per inch ; but even he is 
an exception and usually there is not the slightest 
endeavour to make the inch the standard ; in fact, there 
is antagonism of a somewhat violent cliaracter against any 
change. 

The following are the principal set systems with their 
gauge points for finding the threads per incli (see List X., 
p. 212). 

Some of the most difficult calculations and also some of 
the easiest possible calculations which the textile designer 
hafito work out have reference to the weight per yard of the 
fabrics with which he deals. In the worsted coating and 
the woollen trade the weight per yard (usually 51 inches X 
86 inches) ^is the basis of all dealings; in the stuff, cotton 
and other trades, although often stated, it is by no means 
so important. Now under simple conditions of yarns and 

p 2 
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set there is no difficulty in calculating the weight of a piece. 

The calculation simply stands — 

Yards of yarn in piece ^ i ^ r . 

— rr"'"T ^ — T — 1 = 1‘^^* weight of piece, 

lards per lb. ot yarn employed ^ 

lbs. of cloth X 16 


and 


= oz. per yard. 


length of cloth in yards 

List X.—Vakious Systems of Indicatino the Set. 


Ijocalitv find Systi'in, 


/'Pradford 
Jjoeds . 

Yorkshire . i Iliidderstield ajid TI.S.A. 


.'l iiU 

[dcv 


Lancashire - 


Scotch 


1 lownhury 
/"Bolton . 

I Jilaokbuni 

I Man chest, or 
lStocki)ort 
( Glasgow 


' ( 'J’weod 
n u- i 1 /'Linen Plain, (do. 

North ot - 

Ireland ” ” 

Silk . ” . 


.Standfiid 
wullh 
It) inf lies. 


9 

1 


NhiuImt of 
Tlircjid.s in one 
Bi't'r, I’ortif, 


tJn'Pti Set io 
Jiml (>rj(]s 
l>ci' indi. 


-10 I XI -11 

:t8 I X 4*22 

Sjdits per inch X ends 
in 8i)lits. 


90 

3S 

X *422 

-'Ll 

10 

X 1 *04 

4o 

40 

X *9 

dO 

2 

X ’Ot)t') 

2 

2 

X 1 

37 

2 

X -O.')! 

37 

40 . 

X POK 

40 

2 

X *03 

30 

40 

X 1*33 

37 

2 

X *031 


Ends per inch X reed width. 
Width of fabric, number of ends 
in t«ich split. 


There are, however, a few complications likely to arise. 
Yarn counts may be in two or more denominations, threads 
of various counts or thicknesses may be twisted together 

^ This further extended is : 

Threads per inch X width in loom X yards long of wai*p 
Warj) counts X banks per Ih. 

Picks per inch X width in loom X yards lon^y of cloth 
Weft counts X hanks per lb. 


— lbs. of cloth, 



fEXTUiE OALCUI-ATTONS 


21.1 


to form part or the whole of either wjirp or weft, warp and 
weft may be composed of several colours, there may he 
differences in shrinkage and loss in weight of warp and 
weft during finishing, and other disturbing influences of a 
less pronounced type. All the foregoing influences, with 
oife exception, are either so easy of comprehension or are 
necessarily so dependent upon practical conditions that no 
attempt need be made to deal further witli them here. The 
exception is the twisting together of yarns of varying 
thicknesses. For instance, what is the “ count” of a 40’s 
cotton twisted with a lO’s cotton ; a 30’s cotton twisted 
with a 40’8 cotton, and a J30’s cotton twisted witli a GO’s 
worsted ? 

There are really four methods of working out such 
problems as these. 

1st Method.— Base the calculation upon a yard of each 
material being twisted together. 

Thus the first calculation will stand — 


1 lb. 

40 x'H40 


+ 


1 lb. 


Ill J ()0 ^ 


40 X 840 1G,800 

1 lb. = 10,800 yards 


of 1 Ib. ; 1 yd. = 


840 

= 20’s cotton counts. 

2nd Method. — Work upon the L. C. !M. of the number, 
take this as tlie length in hanks and proceed as before. 

Thus the second calculation will stand — 

# fj. C. ^r. of 30 and 10 = 120 lianks as length for com- 
bination. 

120 


420 no 
30 40 


= hanks per lb. = counts. 
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60 ' 


= 011^2 Drams 
0076! Drams 


‘01903 x560 




-• t Yard *- 


'OISOSDrams for 
I Yard of R C. 


1 lib 

40 Hanks of 40'^ ) 


^/3lb 

>S 2 

40 Hanks of bO 


40 Hanks ~ 

-l^b /bs 

24 Hanks per Ih 
24 '‘Resultant Count 


l'/2lh 


I lb 


60 Hank s of 40 ^ 


60 Hank: of 60'^ 


OOHanks 
- 2 'bibs 

-24 Hank 5 per lb 
- 24'^ Resultant Count 


3lbs 


'2 lbs 


120 Hanks of 40 


120 Hanks of 60' 


3 


120 Hanks 
-3 lbs 

- 24 Hanks per lb 
• 24 ^Resultant Count 


60 lbs 


40 lbs 


2400 Hanks of 40''" 


2400 Hanks of BO '" 


\Z4QQ Hanks 
' lOOIbs 

24 Hanks per lb 
-24’^ResultanL Count 


Fia. 51. — Grnphic Illustration of the llesultant Counts of Twisting 
t(jgother two Threads of Different (/(uints. 
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Phis is better stated as follows — 

ILinks. llw. 

120 S- 80 = 4 
120 -MO = 3 


120 weighing 7 = 17 hanks per lb. or 17’s counts. 

3rd Method. — Work by means of the suitable, if some- 
what large numbers, found liy multiplying the two count 
numbers together. 

Thus the third calculation wdll stand — 

(OO’s worsted = 40’s cotton), 

o 

30 X 40 = 1,200 hanks. 

i ‘ibo'^'^^lJOO “ “ (counts. 

lo ir 

The second method seems so much more covenient than 
the other two that it is most desirable to adopt it whenever 
possible. Its convenience is all the more marked when the 
prices of the yarns are given and the price pej’ lb. of 
the resultant count is required; and again when tliree or 
more yarns are to be folded together. Such calculations 
are so simple in the light of the foregoing that it is not 
considered necessary to ti’eat them further here (see graphic 
illustrations). 

•The changing of the weights of cloths presents one or two 
features which are somewhat curious and should be specially 
noted. For instance, to make cloths lighter — (a) Warp 
may be k^pt the same, and a thinner weft or fewer picks per 
inch of the same weft may be inserted ; or if the cloth is 
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built on the square {h) the whole structure of the cloth 
may he changed and more threads and picks per inch may 
be inserted of a finer yarn. The explanation of this 
seemingly contradictory method is that to make a cloth 
lighter it must be made thinner (supposing that in the first 
place it is perfectly constructed), and to make it thinner 
a smaller diameter of yarn must be employed ; and with 
a smaller diameter of yarn more threads per inch, in 
exact proportion to the decreased diameter of the yarn, 
must be inserted to maintain the balance of structure. 
Thus the cloth is lighter because more threads and picks 
per inch indirectly imply a thinner cloth. Similarly, to 
make a cloth heavier feiver threads and picks must be 
inserted (see Fig. 49, p. 205). 

Jfut these statements and facts are put in terms of the 
diameters of the yarns. To make it practical then — 
remembering that \/ counts is in proportion to the 
diameter — the rule will be — change tlje v counts of yarns 
inversely in proportion to the required change in weight, and 
change the tlireads per inch in proportion to the required 
weight change. An example will well illustrate this — 

Example . — A cloth is woven of 2/82’s cotton, set 60 
threads and picks per inch and is required \ heavier. 

f to become J ; proportion = as 4:5. 

As5 : 4 :: v 16 : \x and X = 10’24 counts of say 
2/20’s. 

As 5 ; 4, or 

As \/ 16 : 10*24 : : 60 : x = 48 threads and picks 

per inch. 
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Proof GO X 3G x 1 X 5 48 x 36 X 1 

IG X 840 X 4 = 10“i4 X 840 ‘ 

Another calculation of this type involves a change in 
weave as well as weight, hut as no new principle is involved 
we refrain from giving it. The varieties of the foregoing 
cafcnlations are unlimited, hut practically all tin; principles 
involved have been touched upon ; a little common sense 
and mathematical instinct will lead to a speedy solution of 
any and all. 

The simplification of practical conditions to ensure 
speedy work may have claim to passing comment. 

Example . — A dress cloth when finished contains 88 ends 
})er inch, and 80 picks per inch, is G3 yards long, 48 inches 
wide, and weighs 14 ounces i^er yard. It has shrunk 10 
per cent, in length, 12 per cent, in width, and lost ^th of 
its original weight. Ascertain the threads and picks per 
inch in the loom, length of warp and width of piece as in 
the loom, weight of material in the grey, and the finished 
and grey counts of yarn employed. 


Waui’ Finish kd. Waki* in Loom. 

? ( ’omits of 5 ’arn (worsted). h ( Vaml s of yarn. 

SS ends per inch. 'i Knds per inch. 


Weft Finished. 

't (’ouiils of yarn. 

SO picks ])er inch. 
Length of war]) finislied 63 yds. 
Alidth of piece iinished, 48 ins. 
Weiglit per yd. iiuishod, 11 oz. 

I loss of original weight. 


Wei-t in JjOom. 
hl’ounts of yarn, 
y Picks per inch. 
Length of war]) in loom, ? 
Width of pieco in loom, ? 
Weight per j-d. in loom, 


To clearlv state the nroblem like this is almost to 
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answer it. For example, the ounces per yard in the loom 
stands — 


14 oz. -f ^ of the original weight = 14 oz. + i = 
16*33 oz. = per yard in loom. 

Again : 

t 

As 168 (88 -|- 80 ends and picks per inch) : 88 : : 14 : x 


no f , 88 X 48 X 1 X 16 

= 7 3 oz. of warp, and _ = 16-5 j 

^ ’ 7*3 X 560 

count Of worsted^ 


Sho-uld the manufacturer be engaged in the Continental or 
South American trade it may he very desirable that he 
should work in the Metric System. All the foregoing 
principles may be readily applied in the Metric System 
by conversion, or, better still, directly by means of the 


following particulars 

Worsted counts 

*885 

= Metric counts. 

Metric counts 

X *885 

= Worsted counts. 

Cotton counts 

-f- *59 

= Metric counts. 

Metric counts 

X *59 

= Cotton counts. 

Yoi’kshiro skeins 

1*939 

= Metric counts. 

Metric counts 

X 1*939 

= Yorkshire skeins. 

In dram silk 515 

counts 

= Metric counts. 


515 Metric counts = Dram silk counts. 

Threads or picks per inch X 3-9 = threads or picks per 
decimeter. • 

Threads or picks per decimeter 3-9 = threads or pick^s 
per inch. 

Bradford set X 4*33 = threads per decimeter.. 

Threads per decimeter 4*33 = Bradford set. 
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Rule to find the threads per decimeter {i.e., fraction of a 
decimeter occupied) for any metric counts of yarn : 

\/Metres per kilogram X 2*8 for woollen yarns.^ 

„ „ X 2*4 for worsted yarns. 

„ „ „ X 2*5 for cotton yarns. 

Rule to find the threads per decimeter for any ordinary 
weave : 

Diameter of yarn in decimeters X Thread in rej)eatof weave 
Threads Intersections in weave. 

= Threads per decimeter. 

Example : — Find the threads per decimeter for 2/18’s 
cross-bred yarn employing twdll. 

Vll X 1,000 X 2*4 = 233 and 

= 155 threads per decimeter. 

Spinning and Weaving Calculations.— In preparing, coliib- 
ing, and spinning, calculations referring to both the 
machines employed and the materials [)asBing through these 
machines frequently occur. The mechanical calculations 
involved cannot be entered into here. Nearly all spinning 
calculations involve the principle of drivers and driven, and 
most weaving calculations involve the princi[)les of leverage, 
but the application of these simple principles are so varied 
that no satisfactory treatment of them could be given in 
thg space at our disposal.^ 

• The calculations referring to weights of slivers in drawing 

> The Hlight differences hero are allow uuc<‘s for the relative hulki- 
uess of the materials of which the resjKJctive yarns arc compos(^d. 

See tho*‘ Wool Year Book,” “Woollen and Worsted Spimiing," 
etc. 
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and spinning, howover, should at least claim passing com- 
ment. The ultimate end of spinning is, as we have seen, 
to produce a strand or thread of a certain count, i.r., of a 
certain number of yards per pound (this is the simplest 
denomination). Now, working backwards one would expect 
the slivers always to be stated and calculated in yards per 
lb., and if it were so there would be many simplifica- 
tions of drawing and spinning calculations. But in practice 
it is found more convenient to reel for fairly fine slivers 40 
or 80 yards, and for thick slivers 10 yards. Thus English 
tops are placed on the market 7 ozs. per 10 yards. Botany 
tops are placed on the market 4 to 5 ozs. per 10 yards. 
An English top (say 4()’s quality) is usually made up in a 
ball about 230 yards long and weighing about 10 lbs. A 
Bo*tany top (say 60’ s quality) is usually made up in a ball 
about 144 yards long, weighing about 5 lbs. Irrespective 
of these perhaps unnecessary difficulties drafting calcula- 
tions are comparatively simple, as a sliver loses in weight 
exactly in proportion to its extension or draft, and neces- 
sarily increases in weight in proportion to the doublings. 
Thus if 40 yards of a “ top ” weigh 240 drams, then with 
drafts 5, 6, 8, 8, 6, 9, 9 and doublings 6, 6, 4, 4, 3, 3, 2, 
40 yards roving will weigh 

240 X () X 6 X 4 X 4 X 8 X 3 X 2 i 

■ T X (Tx 8-X 8 X 6 >ry - = 

In calculating the drafts necessary to give a total draft 
a difficulty may occur owing to drafts multipling themselvls^ 
Consequently if, say, a total draft of 10,868 is required in 
seven operations, then logarithms or the slide rule must be 

^ See Buckley’s “ AVoiKtod Overlookers’ lljind-book,” ami “ Woollen 
and Worsted Spinning,” by Barker and Priestley. 
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resorted to, the \/ of the total draft being the average 
draft which may now be varied slightly to suit particular 
operations. Thus a top weighing 280 drams per 40 yards 
has to be redu(*,ed to 7 drams per 40 yards, at seven 
operations, the doubling being 0, 0, 1, 4, 3, 3, 2. 


40 Jind log. of 40 = 

i‘r)02 ^ 

log. of () = 

0*778 

,, „ 0 = 

0*778 

„ „ 4 = 

0*002 

„ „ 4 

0*602 

„ „ B = 

0*477 

,, ,, 3 = 

0*477 

„ „ 2 = 

0*301 

7)5*617 


‘802, Jog. of. 

Answer, = f)’3 draft required. 

Another calculation often misundevstood is tluj following: 
—To find the number of spindles in any part of the draw- 
ing or on the spinning frame, to follow any box of the 
drawing. If the (|uestion involved is simply between two 
boxes, say A and B, immediately following one another, then 
the weight taken by one spindle head on B divided into the 
weight given out by all spindle heads on A will be the 
answer. But should the frames in question be sei)arated by 
otlier frames, for example, should the spinning sj undies to 
fillow the four-spindle drawing-box be required, then, 
although the same principle of weight weight obtains, in 
addition t]^ie relative thickness, or, in other words, lengths 
of the respective slivers must be taken into account. 

Ej'amj)lc drawing-box A with 4-inch front rollers 
^ Log of draft required if there were no doublings. 
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making 60 revolutions per minute delivers 240 drams per 
minute. What number of spinning heads B will be 
required if the diameter of the back rollers is 1^ inches, 
making 5 revolutions per minute and taking in 8 drams 
per minute ? 

If A delivers the same length that B consumes, then 

240 inches = 240 drams per minute from A, 

240 -T- 8 == 30 heads or spindles on box B to follow box A. 

But B only takes in 7^ inches relative to A giving out 
240 inches, so that 

240 = B2 times length of B is required to consume 

length delivered by A. 

Thus the total heads or spindles on B to follow A will be 
cohipounded of the weight difference and the length 
difference — 

30 X 32 = 960 spindles. 

It will be evident from the foregoing that many most 
interesting calculations occur in the textile industries. 
The points involved in these calculations are ordinary 
mathematical, geometrical, and trigometrical principles, 
and special principles and variations involved by the con- 
ditions obtaining in the industry. Many of the calculations 
could be materially shortened by the adoption of either the 
standard inch and pound or the metre and the gramme. 

The chief point which stands out, however, is the need 
for some universally intelligible system. If we in th?s 
country are not prepared to adopt our own standard of the 
inch and yard and the pound of 16 ozs., we must l^e prepared 
for the metric agitators to prevail— our weakness will be 
their strength. 



(mPTEK XI 

THE WOOLLEN INDUSTRY 

The Wool Industry iiiny be divided into four main classes, 
viz., the Woollen Industry, the Worsted Industry, the 
Stuff or Dress (joods and Linin|][ Industry, and the Up- 
holstery or Tapestry Industry. Each of these has several 
subdivisions : thus the woollen industry may be considered 
to include the felt industry, the blanket industry, and in 
part the hosiery trade ; the worsted industry includes also 
a section of the hosiery trade, and in part the braid trade ; 
while the stuff or dress goods and lining industry includes 
many varieties almost attaining to di^-’tinct classes. The 
fourth class includes all pile fabrics of an upholstery type, 
and carpets and tapestry fabrics of a comjdex character. 

The word “woollen ” originally referred to fabrics made 
of the best Continental wool spun on the spindle-draft 
system, simply woven, felted, and often highly tinished. 
The old “ doeskin ” was a typical example of the woollen 
cloth, and the care and skill required for its production may 
be gauged by the fact that it frequently took six weeks to 
finish, and sold up to 30s. a yard broad width. The present- 
day army officers’ cloths may also be taken as typical of 
wliat was understood by the term woollen “ in the olden 
days.” It also seems probable that cotton cloths made 
from yarn spjiii upon the spindle-draft system and woven 



224 


TEXTIIJ^S 


into more or loss soft fabrics were sold as woollens. About 
the year 1813 the re-manufactiired materials made their 
appearance, a^nd very quickly “ catching on ” became in- 
corporated into the woollen trade, so that to-day the legal 
definition of a woollen yarn may be taken- -as a yarn 
composed of fibres of any class of materials which may be 
said to possess two ends, which just possesses the strength 
necessary to allow the shuttle to lay it in the shed. To-day 
woollen cloths partake too much of those last named 
characteristics. Verily our grandfathers would have wept 
aloud could they have foreseen the degradation which was to 
overtake their trade and calling. For they were proud of 
their goods and of their good name for honest dealing. It 
n’lust not be supposed, however, that the introduction of 
there-manufactured materials is entirely a retrograde steq). 
It is surprising what sound goods the Dewsbury and Batley 
manufacturers can make from low-class raw materials, 
and we must not forget that thousands of the poorer classes 
are well clothed by this means who otherwise would have 
to go very meanly clad indeed. It is the passing of re- 
manufactured materials as pure wool which must be 
condemned. 

The better class woollen trade is located in the West 
of England, Huddersfield, Scotland, and Ireland. In the 
latter country it is not concentrated, but rather distributed. 

The medium class woollen trade is largely located ii4 the 
Leeds district with branches westward into the dales M 
Yorkshire. 

The low class woollen trade is located in the Dewsbury, 
Batley, and Colne Valley district. The Continental woollen 
trade is very dispersed. In France, Elbeui and certain 



THE PRINCIPLES OP PINISHTNCt 


225 


This press has a tendency to elongate the fabric, but a fine 
“ ironed ” surface may l)e obtaini^d by its use. 

In the intermittent form about five yards is treated at once, 
suitably pressed and held stationary in the heated machine 
for, say, a minute, and then automatically moved on so that 
the ensuing section of the fabric may be treat(‘d in like manner. 

In the continuous form the pressing is continuously efi’ected. 

The time factor naturally varies in all three forms, and is 
naturally the factor which decides which is the most efficient 
machine for j)articular classes of goods. 

(.\ilen(hrl)ui- This o])eration simplv consists in ])assing 
goods through heavily weight(5d and if (h'sirabh* heated 
rollers which it is found break or render less (udev " fabih^s 
passed througli them. The probable action is to distribute 
rigidity or solidity. 

Sr/irrincriiuf. - This o])eration consists in ])assing suitably 
constructed cloths b(‘tween a ]>air of solid heavily weiglUed 
st(‘(il rollers, one of which has a ]>lain papier-mache siirfacje 
and the other is ruled with e.xtrcmely fine lines from 190 to 
500 to the inch. The effect on the pi(‘ce is to d('velo]) a 
really wonderful lustre specially applicable to merc*‘riz(‘d 
cotton goods. 

FilliH(/--AH aJn^ady nunarked, it may be d(‘sirabh‘ or 
necessary to stiffen sonic goods to increase tlH*ir utility. 
Again, some goods are “filled'’ simply to attain a desiied 
weight. 

^oap or other agents may be cracked in ])iecos or the pieces 
may be definitely im])regnated with some such agent as 
chloride of zinc. It is hardly necessary to add again that 
filling is rarefy legitimate. 

Conditioning. —After fabrics have passed through a process 

T. ' Q 
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involviufr tli(‘ application of dry heat -such as singeing — they 
arc unnaturally dry, and as a consequence may be very weak. 
To give back the natural moisture, goods in such a condition 
are passed through a machine which “ sprays ” them and 
thus causes the fabric to <piickly regain the moisture and often 
the strengtJi lost. ' 

The foregoing are the princi])al operations in finishing. 
The secondary oj)ei‘ation such as hydro-extracting, burl- 
dyeing, extracting, etc., are of such minor importance that 
there is no need to specially refer to them here. 

Wat(^pm)fing — Y‘AhT\Q?> may be rendered water])roof in 
three distinct ways. Firstly, the fibres of whieJi they are 
composed may be rendered moisture-repellent, as, for instance 
when wool is subjected to the action of superheated steam. 
Secondly, the fibres may be charged with a water-repellent 
substance, which thus ])revents th'‘ passage of water save 
iin(l(ir ])ressure. Waxed fibres, for instance, ])ossess this 
characteristic. Unfortunately oil is hygroscojiic, and rather 
helps the fabric to hold water. In these two cases the surface 
tension of the li(piid which endeavours to pass through the 
fabric ])lays an inqiortant part. Thirdly, the fabric may 
be ‘‘ jdastered or entirely coated with some such agent as 
india-rubber. Aluminium compounds and waxes are also 
most successfully (‘luployed. 

All three methods are (‘uqdoyed, and then* are, of course, 
(combinations Avliich are not ])recisely one or the other. 

V ire proofing.— {U)\U)\\ and some artificial silk goods ar(;‘^vpry 
inflammable, and it may also be desirable to reiidcw otlier 
goods less inflammable. The agents enqiloyed are such salts 
as uj)on a rise in temperature melt and cover the material to 
be protected. 
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General Notes. — To give, an idea of how tl)e foregoing 
operations are af)plied in finishing specific types of fabrics 
the six following lists arc given : — 


WoOLLKN (^LOTII. 
(All Wool.) 
P<Tcfling. 

Monding, Burling, etc. 
Soaping. 

Srouring. 

Milling (Stocks). 

Milling (Machine). 
Washing-off. 
Hydro-cxtracling. 
Tentoring and l)rving. 
Bnishing and J)cwing. 
liaising (if roquircil). 
Cropping. 

Brushing and Steaming. 
Cutting. 

].)ewing. 

Prc.ssing. 

Stoaniing-off. 

Cold Flatting. 

Cuttling. 


W'OIISTED (^LOTII. 
(All Wool.) 
Perching. 

Mending, Burling, etc. 
(Grabbing. 

Soaping. 

Scouring. 

Mending. 

Light Milling. 
Washing-off. 
Hydro-extracting, 
'rcntcring and Drying. 
Brushing and Steaining. 

(flipping. 

Brushing. 

Dry Steam Blowing. 
Brushing and Steaming. 
Pr(‘SKing. 

Steaming-off. 

(V>ld Matting. 

Cuttling. 


Limxo Fabric. 
((!ollon and Wool.) 

Sewing (flat seams). 

Winding on to roller 
jirior to Crabbing. 

Bimning on to Cralibing 
Roller. 

Running from (h-abbing 
Rolli'r to Steam 
Roller. 

Steaming. 

Drying. 

Singeing (about four 
times). 

Souring (wool). 

Dyeing (wool). 

Dollying. 

Throwing. • 

Rolling on to S! earning. 

Holler. 

Steaming. 

Drying. 

Singeing (twie('). 

Dollying. 

Hydro-ext ractmg. 

Drying. 

Tentering. 

Press Pa|H.‘nng and 
Pressing. 


Silk Fabric.^ 
(Met Silk.) 

Singeing or Cropping. 
Discharging and Wasli- 
ing. 

Drying. 

( ’yli^jdering. 

Damping, or 
Jlrossing and Singeing. 
Calendering and Lus- 
tring. 


Cotton Fabric.* 
(Calico.) 
Singeing. 

Souring. 

Washing. 

Saturating with C^austic 
Soda. 

Kier Boiling. 

Washing. 

Chemicing. 

Washing. 


Linen Fabrk’.* 
(Standard Style.) 
Lime-lxnling. 
Washing. 

Souring. 

Washing. 

1st Lyri' lx)il. 
Washing. 

(themiemg. 

Washing. 

Souring. 


* These details are supplied by sfR*eiaIisf s in the resju'ctive brarches of 
tho industry. All arc preeeded by ojx'rations equivalent to Mending, 
Burling, etc. 
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Silk FAnnic.^ 

Cotton EAnmc-.i 

Liven FAimir.* 

(Net Silk.) 

((Vilico.) 

(Standard Style.) 

Rolling or Plaiting. 

Souring. 

Washing. 

Pressing. 

Washing. 

2nd Lyre boil. 


Squeezing. 

Washing. 

C raising. 


Mangling. 


Drying. 

Chcmii'ing. 


Pilling. 

Washing. 


Diying. 

Souring. 


J lamping. 

Washing, 


Stretching. 

Scalding. 2 


Beetling or Calendering. 

Washing. 2 


Making-iip. 

Chemi(‘ing.‘‘^ 

Washing.- 

Stmring.® 

Washing.** 

Scutching. 

Water-mangling. 

Starching and blueing. 

Beetling. 

Bri'adthening. 

(^ilendering. 

- 


Lapping. 


Thfi f()rpp[oiiij]5 lists sconi fairly comprpliensivo, but in 


reality they by no means convey a complete idea of the 
many different styles of finish. For woollen cloths, for 
example, some half-dozen typical and distinct finishes could 
be cited, and the other styles arc by no means without their 
varieties (see Fig. 62p). 

There can be no doubt but that more attention to the 
effects of “ finish ” is much to be desired. To thoroughly 
demonstrate the influence of each specific process the best 
method is to pass a suitable length of fabric througlp the 
necessary or desirable operations, and to cut off, say, a yard 
length from the fabric after each operation as a rcfcrpnce. 
Thus for a piece-dyed Botany coating reference lengths shm Id 


^ These details are supplied by sjiecialists iti the reapeotivc branches of 
the industry. All are preceded by operations ecjuivalcnt to Mending, 
Burling, etc. 

* These processes must be varied in aecordance with particular require- 
ments. 
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be preHemd of (a) vvarj) and weft ; (b) grey clotli ; (e) scoured 
cloth ; (d) milled cloth ; (c) dyed and teiitt'red (;loth ; 

(/) raised cloth; (ff) cut cloth; (//) steam(‘d cloth; and 

(1) pressed cloth. The record of all the foregoing reference 
samples should include (1) counts of warp and weft; 

(2) •threads and picks per inch ; (.‘i) length and width ; 
(4) weight ; and (5) strength. 



CHAPTER X 


TEXTILE CALCULATIONS 

In a general sense most textile calculations liave, and 
should have, reference to the ultimate cloth produced. 
It is true that there is a distinct “ wool ” trade, a distinct 
“top” trade, and a distinct “yarn” trade, each of which 
is in a sense independent of the cloth trade. It is never- 
theless obvious that all nomenclature, designation and 

indication should be on some basis < 1 " > 

readily understood and easily ap^died IO*Yern SThr^ds. 
by the cloth constructor. 

Unfortunately the “science of cloth 

construction ” was developed so late 

that not one but many cumbersome 58 — Jiiustrat- 

methods had long been firmly established, ing tho -Setting 

• 1 , , i ♦ j. <>f l^abrics ; also 

so that to-day a considerable portion of the Weights of 

the designers and cloth -coster’s time is fabrics. 

wasted on calculations which, with full cognisance of all 

possible conditions, might easily have been eliminated by 

the adoption of convenient standard systems for counts of 

yarn, sets, etc. 

Starting from the cloth it is evident that the most useftl 
designation for' yarns would be in fractions of the inch (or 
of a decimeter). Thus I’s yarn would have a diameter of 
1 inch, 2’s of i inch, 3’s of J inch, 4’s of J inch, and so on, 
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or that 1, 2, 3, 4, etc., threails iiiif^^ht he laid side ))y side in 
an inch. The “ set ” calculations for cloths on this basis 
would be very simple. On this basis, as shown in Fig. 49, 
with plain weave, a lO’s yarn would be set live threads per 
inch, a 20’s yarn ten threads per inch, and a 40’s yarn 
tweijty threads per inch. Moreover, on this system, the 
weight of the cloth would vary in inverse proportion 
to the counts, for, as shown, the cloth with 20’s count is 
half the thickness or w^eight of the cloth with the lO’s 
count, the cloth with 40 s count is half the weiglit of the 
cloth with 20’s count, and vice rerun. If the lO's count 
cloth was a 30 oz. cloth, the 20’s count cloth would be a 
15 oz. cloth, and so on. Again, the “sets ” or threads per 
inch and picks [)er inch for any given w'eave or interlacing 
would be simplicity itself. As shown in Fig. 59, for example, 
the threads and i)icks 23er inch would be — 

( ounts of y arn X t hreads in repeat of weave.^ 
Threads + intersections in repeat of weave. 

2 

Thus with a OO’s yarn in — twill the set should be — 

* 60 X 4 

— = 40 threads and picks i)cr inch. 

Of course the practical designer would slightly vary the 
setjn accordance with the material he was using; if rough 
and sluckly twisted he would probably put 38 threads per 
inch, while if smooth, comj)act and hand-twisted, he might 
put* 42—44 threads and jneks per inch. He would also 
probably take into account the effects of iiiiisli, and, of 

’ This is a fairly accurate approximation for ordinary fabrics m 
which warp *ind weft bond oquali 3 \ Note that it is ouly u])i)licable in 
.this form if count equals the diameter of the yarn. 



f / Mepcat i — fO Repeats 







course, the handle of the ultimate texture 
he hoj)cd to produce. 

Unfortunately this simple system is 
quite out of count, firstly, because yarn 
counts designate length and not diameter ; 
and secondly, be(;ause yarn and set nun/bers 
vary in difT(‘rent localities. 

Undoubt(‘dly in the early days of the 
textile industry yarns were spun very 
irregularly and to unknown counts in any 
and every denomination. Then the idea 
of spinning a definite weight of wool, say, 
G lbs., to a given huigth of yarn, so that 
a given length of piece could b(‘ got out of 
it, would impress its(‘if u])ou the more 
thoughtfxil spinners. Thus the Leeds 
“ wartern ” is G lbs. Tn Yorkshire “ war- 
tern ” is derived from a quail (‘rn of tlie old 
24'lb. stone, and if the yaiai was s])un 
to 1,530 yards, or 1 yard jxt dram, it was 
called Ts count, if to 2 yards jxu* dram, 2’s 
count, and so on. In most localities, how- 
ever, the unit of I lb. would Ije naturahy 
adopted as the weight. Unfortunately there 
was not the same unanimity with reference 
to the length. To number 1 yard to 1 lb. 
I’s count, 2 yards to 1 lb. 2’s count, 20 yards 
to 1 lb. 20\s count would bo out of the (pi(*s- 
ti(m, as a very thick yain would tlum have 
25G as its number, and a fim^ yarn, say, 
2,5GO as its number. To reduce this count 
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number to thinkiible and workable pro])ortions, in some cases 
the weight was reduced,^ and in others the system of ‘‘ hank- 
ing ” was resorted to. But the localized character of the 
various industries unfortunatc^ly resulted in a varying weight 
and a varying number of yards per hank being adopted. In 
most* count systems the lianks j)cr lb. (avoirdupois) indicate 
the count. Thus 2()’s count equals ‘JO hanks per lb., 30’s count 
equals 30 hanks ])er lb., and so on. Ibit the cotton liank is 


List Xllf.— VAurons SrsrKMs of OoriNrivo Yauvs.^ 


LeiKjlh variable. 

Wei (fill eons hint. 




('mistant 

Unit l.< llrAlh UC 

\.uds|.. 

I li ink 

X l»y 

Systoin. 

W.-i-lit. 

llauK. 

'j.iiii;*' 

t'liiit. 




.lids 

I>ei U) 

('olton 

1 11). 

840 yards 

X 

1 

Worsted . 

1 11). 

o()0 yaids 

X 

1 

Linen and llenq) 

1 11). 

300 yards 

X 

1 

Jhiw Silk . 

1 oz. 

Xumber of yards 

X 

10 

Dewsbury 

1 cz. 

Number of yaids 

X 

10 

Yorkshire Skeins t 
Woollen . , ) 

0 lbs. 

1,030 \... D 

X 

‘10 

Calashiels 

21 oz. 

300 yards 

X 

•00 

Hawick . 

2() oz. 

300 yards 

X 

•01 



c'lit.s Yds 



Stirling: and Alloa . 

21 lbs. 

4S X 2-10 (Spindle) 

X 

•01 

West oi En^^lund 

1 lb. 1 

320 yards 

X 

1 

Ciennan wool count . 

.1 kilon;. 

2,200 Bel lin ells 



Run (American) 

Chit (American) 

■ 1 oz! 

100 yards 

X 

10 

1 lb. 

300 yards 

X 

] 

M«itric 

1 kilog. 

1,000 metres 

X 

l.) 

French Metric . 

J kilog. 

1,000 metres 

X 

•0 


• Tlio Ydi'ksliiro svsteiii may lx; said to he Imsed upon th(‘ 5 ai*ds]te.r 
drain, and there is also a system haM*d ii]>oii yards per oujiee, and 
1 ,000 yards jx^r ounce. 

* See Bradbury’s “ Calculations in Y'arus and Eabrict:.'’ 
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840 yards the worsted, 560 yards ; the linen, 300 yards ; 
Yorkshire woollen skein, 256 yards; West of England, 
420 yards ; and Galashiels, 300 yards for 24 oz. ; so that 
further complexity has thus been introduced. With the table 
accompanying, however, the yards per lb. in any denomi- ‘ 
nation may readily be found, and from the yards per lb. 
any weight or diameter calculation readily worked out. 


List XI Ha. — Various Systems of Counting Yarns.^ 

Length constant. Weight mriahlr. 


System. 

(!uiist«tlt 

Length. 

Unit of 
Weiglit. 

Count. 

Halifax Eural I )istrict 

SO yards 

I ram 

\ 

Jute, Heavy Flaxes 
and Hemp 

Cuts V.K. 

18x300(Sjandle) 

lb. 


J )cnier System . 

1 )ram System , 

International Denier . 

Eaw silk (170 
metres or o20 
yards) 

1,000 yards 

oOO metres 

Denier 

Dram 

h deci- 
gramme 

Pepeuts of unit 
weight in unit 
/ lengtli = the 
; counts. 

Legal Silk count apjxl. 
in Paris, 1900 

4.>0 metres 

] deci- 
gramme 


American Grain 

20 yaids 

Grain 



Curious to relate, the of the yards per lb. of ^nost 
materials (with a suitable allowance of from 5 to 15 per oeAt.) 

J No doubt originating fi-oin u reel of a convenient circumference, 
with a convenient number of warps upon it. , 

® See Bradbury’s “ Calculations in Yarns and Fabrics.” 
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gives the approximate working diameter of any yarn. 
Working backwards diameter^ = the area of a square, and 
the area of a square varies inversely to length ; therefore the 
diameter varies inversely as the v' of the length, and as 
count of yarn is in proportion to length therefore the 
diamtier of a yani varies inversely as the of the counts 
(that is denomination being the same). 

This accounts for tin* relationship of diameter of yarn 
and length or counts, but not for the \ of the yards 
per lb. being the actual numerical diameter in fractions 
of an inch. This coincidence suggests that there is 
some method in the madness of the English lb., yard 
and inch, and that they are not merely haphazard 
standards. If the metric count system is adopted the 
V metres j)er kilogram X 2*4 = the threads per decimeter/ 
the decimeter being the most convenient unit to adopt 
for sets. 

The most im]) 0 ]fcant. systems of counting yarns with length 
constant and weight variable arc given in Jjist XTIIa. 

In the foregoing particulars the inch is taken as the 
basis. Unfortunately the inch has been taken as the basis 
in very few manufacturing districts. The reason for this 
is not far to seek. Bradford, for instance, apparently 
based its set particulars upon the yard, Leeds upon the 
I yard or 9 inches; Blackburn upon yards; while 
possibly other districts, owing to French and Flemish 
immTgration, based their sets upon the Flemish ell or 
French aune — ^ yards or 27 inches — which later possibly 
being converted into terms of the yard, would create further 
confusion. • 

But this is not all. It was evidently found convenient to 
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warp with a given nunibiT oi threads. In Leeds thirty-eight 
(termed a “ porty,” no doubt a corruption of the word 
“ portion ”) were employed ; in Bradford forty (termed a 
“ beer ”), and so on. Tims it became customary for the 
set of a fabric to be defiiu'd by the number of times the 
threads war})ed with re])eatcd in the standard width. iThus 
the Leeds “ set ” is the “ porties ])er rpiarter (9 inches), 
the Bradford set the “ beers ])er inches or one yard.’’ So 
little impregnated with scientific method are the. textile 
industries even to this day that these very hx^al standards 
are still in full use. Thus the man who speaks of threads 
per inch in Bradford or L(‘eds mills s}>eaks in an unknown 
tongue, and is not in the least understood. Of coursti there 
is a tendency to reduce these sets to the threads per inch 
standard. Thus the Bradford man sometiim^s states the 
Bradford set as ])eing based upon L^, threads per inch ; 
but even he is an exc.t‘])tion and usually there is not the 
slightest endeavour to make the inch the standard ; in fact, 
there is antagonism of a somewhat violent character against 
any change. 

The following arc tin', principal set systems with their 
gauge points for finding the threads ])er inch (see List XIV., 
p. 237). 

Some of the most difficult (calculations and also some of 
the easiest j)ossible calculations which the textile designer 
has to work out have reference to th(‘. weight ])er yard of the 
fabrics with which he deals. In the worsted coating and 
the woollen trade the weight per yard (usually 54 inchel X 
30 inches) is the basis of all dealings ; in the stuff, cotton 
and other trades, although often stated, it is by no means 
so important. Now under simple conditions of yarns and 
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set there is no difficulty in calculating the weight of a piece. 
The calculation simply stands — 

Yards of yarn in piece ^ i . p . 

Yards per lb. ot yarn employed ““ ^ ^ piece, 

, lbs. of cloth X 10 , 

• and , --r-- p— r ir • i = oz. per yard. 

length ot cloth in yards ^ 

List XIV.— Various Systems oe Iniucating the Set. 


Locality and Sjstoin 


( lU’iwltbrcl 
Leeds . 

loiKsuuw Huddersfield aud U.S.A. 


Lancashire 


^ Dfnvshuiy 
I'lioltOTl . 

I Pilaekburn 
Manchester 


Scotch 


I Main 
lS<ock]>ort 
I Glusj'ow 
* 1 Tw<'ed . 

4 . 1 r Linen l‘lain, etc. 

North ot 

Ireland ” ” 

V ft M 

Silk , 


Staiid.ird 

Unit 

Niiiiibt'r of 

Gnon S»‘t to 

width 

I’hn-ads in oni* 

find onds 

111 Iticlli's, 

Jh-ei, i’.nlio, 
c-tc. 

pel im li. 

30 

10 

X Ml 

i) 

38 

X 4-22 

1 

Splits perinch X ends 
in splits. 

fK) 

38 

X *422 • 

211 

40 

X 1-04 

do 

40 

X -0 

3() 

2 

X ’Oou 

2 

2 

X 1 

37 

2 

X *0ol 

37 

40 

X L08 

dO 

2 

X -OA 

30 

40 

X 1-33 

37 

•) 

X -Ool 


Ends per inch X rot'd width. 
Width of fabric, number of ends 
in each split. 


There are, however, a few comiilications likely to arise. 
Yarn counis may he in two or more denominations, threads 
of \^irious counts or thicknesses may be twisted together 


* This further extended is : 

Threads ]>er inc h X width in l o om X yar d s lon^ o f wa ip 
eonnts x hanks per lb. 

Picks per inefi X width in loom x yards loiifi: of cloth x , 

vFr-eT — — ^ — u = tbs. of cloth, 

Weft counts X hanks per lb. 
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to form part or the whole of either warp or weft, warp and 
weft may be (composed of several colours, there may be 
differences in shrinkage and losses in weight of warp and weft 
during finishing, and other disturbing influences of a less 
pronounced ty]>e. All the foregoing influences, with one 
exception, are either so easy of compreliension or are fieces- 
sarily so dependent upon practical conditions that no attempt 
need be made to deal further with them here. The exception 
is the twisting together of yarns of varying thicknesses. For 
instance, what is the count ” of a 4()’s cotton twisted with 
a 40’s cotton ; a 3()’s cotton twisted witli a 40’s cotton, and 
a 30’s cotton twisted with a 60’s worsted ? 

There are really four methods of working out such problems 
as these. 

Example and 1st Method. —Base the (calculation upon a 
yard of each material being twisted together. 

Thus the first calculation will stand — 


111 ). 


+ 


1 lb. 


1 


10.800 


of 1 lb. ; fr., 1 yd. 


40 X 840 ' 40 X 840 
16.8(10 ^ yards ^ 


cotton counts. 

Example and 2nd Method.— Work upon the L. C. M. of the 

number, take this as tin* length in hanks and proceed as 
before. 

Thus the second calculation will stand— 

L. C. M. of 30 and 40 ~ 120 hanks as length for C(pn- 
bination. 

120 

— — — hanks per lb. counts. 

120 120 ^ 

30 40 
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40 ' 


60 ‘ 


» 0fl42 Drams 
OOJBfDrams 


.256 _ , 
‘01903x560 


t Yard ■ 


0l903Drams for 
tYard of R C. 


lib 

• 

40 Hanks of 40'^ 


Vsib 

40 Hanks of 60 


40 Hank = 

--{''aib.-i 

= 24 Hanks per /h 
•24'^ResuUdnL Count 




60 Hark'-. rf40 ' 


I 


60 Hanks of 60 ' 


BOHanks 

^Z'/zIbs 

-24 Hanks per lb 
^24'^ Resultant Count 


3lbs 


^2 lbs 


120 Hanks of 40^ 


120 Hanks of €0'^ 


lIOHanks 

--Slb.s 

- 74 Hein k , per lb 
^24'^Resultant lount 



2400 Hanks 
-too lbs 

^^24 Hanks per lb 
•24'^ResuHanL Count 


Fj(j. ()0. — Grtiphic Tllustrution of the Resultant Counts of Twisting 
together two Threads of Different Couuts. 
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This is better stated as follows— 
Hanks. ll)s. 

120 30 = 4 

120 -r- 10 = 3 


120 weighing 7 = 17 hanks per Ih. nr 17’s counts. 

Example and 3rd Method.— Work by means of tbe suitable, 
if someAvliat large numbers, found by niulti])lying the two 
count numbers together. 

Thus the third calculation will stand — 

00 X 2 

(OO’s worsted = — ~ — = 40’s cotton), 

u 

DO X 40 = 1,200 hanks. 

1,200 , , „ 

1,200 ~i;20() = P*"*' == 

"do" " 40 

The second method seems so much mon' conv(mi('nt than 
the other two that it is most desirable to adopt it whenever 
possible. Its convenience is all the more marked when the 
prices of the yarns are given and the price per lb. of 
the resultant count is required; and again when three or 
more yarns are to be folded together. Such calculations 
are so simple in the light of the foregoing that it is not 
considered necessary to treat them further here (see graphic 
illustrations, Fig. GO), 

The changing of the weights of cloths presents one or two 
features which are somewhat curious and should be specially 
noted. For instance, to make cloths lighter — (a) Warp 
may be kept the same, and a thinner weft or fev^er picks per 
inch of the same weft may be inserted ; or if the cloth is 
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built on tlie square (h) ilie whole structure of the cloth 
may he chanpfed and more threads and picks per inch may 
he inserted of a finer yarn. The explanation of this 
seemingly contradictory method is that to make a cloth 
lighter it must be made thinner (sup])()sing that in the first 
place it is perfectly constructed), and to make it thinner 
a smaller diameter of yarn must he employed ; and with 
a smaller diameter of yarn more threads j)er inch, in 
exact proportion to the decreased diameter of the yarn, 
must he inserte,d to maintain the balance of structure. 
Thus the cloth is lighter because more threads and picks 
per inch indirectly imply a thinner cloth. Similarly, to 
make a cloth heavier fewer threads and picks must he 
inserted (see Fig. ^8, p. 280). 

But these statements and facts are put in hirms of the 
diameters of the yarns. To make it practical then- 
remembering that V counts is in proportion to the 
diameter— the rule will he — change the ^ ' counts of yarns 
inversely in proj)ortion to the recpiired chaiigt; in weight, and 
change the threads per inch inversely in ]>roj)oriion to the 
required weight change. An example will well illustrat(5 this— 

Kxample . — A cloth is woven of 2/32’s cotton, set 00 
threads and pi(;ks per inch and is required J lieavier. 

;{ to become J ; pro 2 )ortion — as 1:5. 

As 5:4:: a/ lO : \ x and X = 10*21 counts of say 
2/20’s. 

As 5 : 4, or 

As a/ 10 10*24 :: 09 : :r = 48 threads and picks 

per inch. 
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Proof GO X liG X 1 X f) 4 ft X SO x 1 
IG X 840 X 4 = 10*24 X 840 * 

Another calculation of this type involves a change in 
weave as well as weight, but as no new principle is involved 
we refrain from giving it. The varieties of the foregoing 
calculations are unlimited, hut practically all the princij)les 
involved have been touched upon ; a little common sense 
and mathematical instinct will lead to a speedy solution of 
any and all. 

Tlic sim])liricatioii of practical conditions to ensure sj)eedy 
work has (;laim to passing comTinuit. 

Example . — A dress cloth when finished contains 88 (uids 
per inch, and 80 picks per inch, is G3 yards long, 4ft inches 
wide, and weighs 14 ounces per yard. It has shrunk 10 
per cent, in length, 12 per cent, in width, and lost ith of 
its original weight. Ascertain the threads and picks \n)Y 
inch in the loom, length of warp and width of piece as in 
the loom, weight of material in the grey, and the finished 
and grey counts of yarn employed. 


Wak]' i’T.\[siii:i). 

' ( 'oiiiits of \aiii(\voisl(*(l;. 
NS ends per inch. 


Waui' in Loom. 
!" < '(Hints of yin n. 
r Ends per inch. 


Wkki' Finish EL). 

‘f Founts of yarn. 

SO ])icks ])or inch. 
Length of warj) linished yd.'!, 
Widtti of piece tinishod, ^IS ins. 
AVcight j)er yd. fini.shod, 1 I oz. 

I lo.ss of original weight. 


WeEI’ in l.ooM. 
r < 'ounts of } arn. 

? i’icks per incli. 
Jicngtli of \^arp in loom, ? 
Width of })iece in loom, 
Weight ])er yd. in loom, 


To clearly state the problem like this is almost to 
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answer it. For example, the ounces per yard in tlie loom 
stands — 


14 oz. -f ^ of the original weight = 14 oz. + J = 
16*38 oz. = per yard in loom. 

Agaiji : 

As 168 (88 + 80 ends and picks per inch) : 88 : : 14 : r 


— 7*3 oz. of warp, and ^ 


88 X 48 X 1 X I() 


7'3 X r>60 


count (if worsted). 


Should tlie manufacturer he engaged in the Continental or 
South American trade it may he very desirable that he 
should work in the ]\Ietric System. All the foregoing 
principles may he readily applied in the Metric System 
by conversion, or, better still, directly by meajis of the 
following particulars : — 

Worsted counts *885 = Metric counts. 

^Eetric counts X *885 = \Vo'’‘4ed counts. 

Cotton counts — *50 = Metric counts. 

Metric counts X *51) = Cotton counls. 

Yorkshire skeins -i- 1*339 = Metric counts. 

Metric counts x 1*339 = Yorkshire skeins. 

In dram silk 515 — counts = Metric counts. 

515 -f- Metric counts = Dram silk counts. 

Threads or picks per inch X 3*9 = threads or picks per 
decimeter. 

^Threads or picks per decimeter -f- 3*9 = threads or picks 
per inch. 

Bradford set X 4*33 = threads per decimeter. 

Threads per decimeter -f- 4*33 = Bradford set. 



TEXTILES 


244 

Rule to find the threads per decimeter (i.r., fraction of a 
decimeter occupied) for any metric counts of yarn : 

\/Metres per kilogram X 2*3 for woollen yarns.^ 

,, ,, ,, X 2*4 for worsted yarns. 

„ ,, „ X 2*5 for cotton yarns. 

Rule to find the threads per decimeter for any ordinary 
weave : 

Diameter of yarn in decimeters X Tiiread in re])eaiof weave 
Threads + Intersections in weave. 

= Threads per decimeter. 

Example : — Find the threads per dccimeier for 2/1 H's 
2 

cross-bred yarn employing — twill. 

* z 

• ^9 X 1,000 X 2-4 = 233 and 
233 X 4 

- - =•• 155 threads per decimeter. 

Spinning and Weaving Calculations. In preparing, comb- 
ing, and spinning, calculations referring to both the 
machines employed and the materials passing through these 
machines frequently occur. The mechanical calculations 
involved cannot be entered into here. Nearly all spinning 
calculations involve the principle of drivers and driven, and 
most weaving calculations involve the principles of leverage, 
but the application of these simple principles are so varied 
that no satisfactory treatment of them could be given in 
the space at our disposal.*^ 

The calculations referring to weights of slivers in drawing 

* The slight differences here are allowances for the relative lailki- 
ness of the materials of which the resjjoctive yarns are eoui})OBed. 

^ See the “Wool Year Book,” “Woollen and Worsted Spinning,” 
etc. 
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and spinning, however, should at least claim passing com- 
ment. The ultimate end of spinning is, as we have seen, 
to produce a strand or thread of a certain count, i.e., of a 
certain number of yards per pound (this is the simplest 
denomination). Now, working backwards one would expect 
the slivers always to be stated and calculated in yards per 
lb., and if it were so there w^ould be many simplifica- 
tions of drawing and spinning calculations. But in practice 
it is found more convenient to reel for fairly fine slivers 40 
or 80 yards, and for thick slivers 10 yards. Thus English 
tops are placed on the market 7 ozs. i)er 10 yards. Botany 
tops are placed on the market 4 to 5 ozs. per 10 yards. 
An English top (say 40's (piality) is usually made up in a 
ball about 230 yards long and weighing about 10 lbs. A 
Botany top (say 60’s quality) is usually made up in a bafl 
about 144 yards long, weighing about 5 lbs. Irrespective 
of these perhaps unnecessary difficulties drafting calcula- 
tions are compaiMtively simple, as a sliver loses in weight 
exactly in proi)ortioii to its extension 'v draft, and neces- 
sarily increases in weight in proportion to the doublings. 
Thus if 40 yards of a top ” weigh 240 dranib, then with 
drafts 5, 6, 8, 8, 6, 9, 9 and doublings 0, G, 4, 4, 3, 3, 2, 
40 yards roving will weigli 

240 X G X (> X 4 X 4 X 3 X 3 X 2 , 

V F v w V w V r V u V < 1 ~ drains.^ 

uXOXOXoXOX./X»* 

In calculating th(', drafts necessary to give a total draft 
a dilhculty may occur owing to drafts multipling themselves. 
Consequently if, say, a total draft of 10,3G8 is required in 
seven operations, then logarithms or the slide rule must be 

’■ Sec liuelvicy’s “Worsted Overlookers' IlaTid-lmok/’ and “Woollen 
and Worsted Spinning,” by Barker. 
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resorted to, the ^ of the total draft l)eing the average 
draft which may now be varied slightly to suit particular 
operations. Thus a top weighing 280 drams per dO yards 
has to be reduced to 7 drams per 40 yards, at seven 
operations, the doubling being 0, (5, 4, 4, 3, 3, 2. 


40 and log. of 40 = 

1T)02^ 

log. of () = 

0*778 

„ „ 0 - 

0*778 

„ 4 = 

0*002 

„ „ 1 ^ 

0'002 

,, ,, 3 = 

0*477 

,, ,, 3 = 

0*477 

0 — 

»» " — 

0*301 

7)5*017 


*802, log. of. 

Answer, = 0*3 draft required. 

Calculations such as th(‘sc are com])aratively simple, but 
the ])rohlem of deciding diafts and doublings is much more 
complex, requiring experience and sound judgment. The 
following are approximations which may prove useful : — 

For twistless French drawings : 

_ 10 to 12 units 

^ average fibre length.^ 

Doublings -= draft — a; (a small quantity). 

For twisted English drawings : 

24to30mnts 

Draft - 

Doublings = draft — a; (a small quantity). 


1 Log of draft reipiired if there were no doublings. * 

■'* As decided by the Schluinberger Top Testing Machine. Centi- 
metres or inches may be taken as units. 
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For v'onllen yarns : 

When F — average fibre lenj^th, and 

K — (|iiality constant, then skeans any material will 
spin to - (F X 20) K. 


For 2.S's quality K 4 

:32's „ K *5 

„ :m;’s „ K =- -G 

„ 40’s „ K -7 

„ go’s „ K- -8 

Draft which nnv material wil 


For 50*8 quality K — -0 


go’s 

Gl's 

70’s 


1 + 


stand : 

\/L 

•) 


Drafting!; twist : 


l\ ^ 1-0 
/\ - M 
K ^ 1-2 


X /r 


In which L ~ loutrest fibre in condensed sliver, 

/• a constant d(h(*nnined by the frictional coellicii'nt of the- 
lilires Ixiin^ spun. 

It will be evident from the foregoin;* that many most 
interesting calculations occur in the uxtile industries. 
The points involved in these calculations iir(^ ordinary 
inatliematical, geometrical, and trigometrical principles, 
and special principles and variations involved by the con- 
ditions obtaining in the industry. Many of the calculations 
could be materially shortened by the adoption of either the 
standard inch and pound or the metre and the gramme. 

^he chief point which stands out, however, is the need 
fqf some universally intelligible system. If w'e in this 
country are not prepared to adoi)t our own standard of the 
inch and yard and the pound of 18 ozs., we must be })repa,rcd 
for the melric agitators to prevail— our ^Yeakness will be 
their strengUi. 



CHAPTER XI 

TIIK WOOLLEN INDUSTRY 

Tui: Wool Industry may be divided into four main c-lasses,^ 
viz., the Woollen Industry, the Worsted Industry, the 
Stuff or Dross (roods and Lininf]f Industry, and the Up- 
holstery or Tapestry Industry. Each of these has several 
subdivisions : thus the woollen industry may bo considered 
to include the felt industry, the blanket industry, and in 
part the hosiery trade ; the worsted industry includes also 
a section of the hosiery trade, and in part the braid trade; 
while the stud or dress ^oods and lining industry includes 
many varieties almost attaining to distinct classes. The 
fourth class includes all pile fabrics of an upholstery type, 
and carpets and tapestry fabrics of a complex character. 

The word “woollen ” originally referred to fabrics made 
of the best Continental wool spun on the spindle-draft 
system, simply woven, felted, and often highly finished. 
The old “ doeskin ’’ was a typical example of the woollen 
cloth, and the care and skill n'lpiired for its ])roduction may 
be gauged by the fact that this cloth fre<pie.iitly took six wee,ks 
to linisli, and sold up to ‘K).v. a yard broad width. The present- 
day army officers’ cloths may also he taken as typical of 
what was understood by the t(‘rm woollen “ in the old'Ln 
days.” It also seems iirohuhle that cotton cloths made 
from yarn spun ujion the sj)indle.-dra.ft system and woven 

^ The hu.-?iery or kuittiiig iiidiiatry is not coiiuidercd here. 
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into more or less soft fabrics were sold as woollens. About 
the year 1813 the re-manufactured materials made their 
appearance, and very quickly “ catcbinir on ” became in- 
corporated into the woollen trade, so that to-day the le^^al 
definition of a woollen yarn may be taken as — a yarn 
conqK)sed of fibres of any class of materials which may he 
said to possess two ends, which just possesses the strength 
necessai-y to allow the shuttle to lay it in the shed. To-day 
woollen cloths partake too much of these last named 
characteristics. Verily our grandfathers would have wept 
aloud could they have foreseen the degradation which was to 
overtake their trade and calling. For they wore proud of 
their goods and of their good name for honest dealing. It 
must not be supposed, however, that the introduction of 
there-manufactured materials is entirely a retrograde step.* 
It is surprising what sound goods the Dewsbury and Batley 
manufacturers can make from low-class raw materials, and 
it must not h(^ forgotten that thousands of the ])oorer classes 
arc well clothed by this means who otluM’wdse w^ould have 
to go very im‘anly clad indeed. It is the passing of re- 
manufactured materials as pure wool which must be 
condemned. 

The b('tter class woolhni tra.(h‘ is located in the West of 
England, Huddersfield, S(!otland, and Ireland, fn tln^ lattei* 
country it is not concentrated, but rather distributed. 

The medium class woollen trade is largely located in the 
Leeds distric.t with branches westward into th(‘ dales of 
Yorkshire. 

The heavy woollen trade is located in the DeAvsbury, 
Batley, and^Folnc Valley district. The Continental w^oollen 
trade is very dispersed. In France, Elbeuf and certain 
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small fcoNMis like Redan in the north are the principal 
centres. In Germany ]\r.-Gladhach, Cottbus, Forst and 
Werdan are tlj(‘ main centres for cheap floods for men’s 
wear. Vcrvicrs, in Belgium, is the centre of a large 
woollen spinning district, the yarns produced being 
shii)ped to England by the ton. In the north of ltal> and 
in Spain woollen and worsted manufacture is developing, 
while Austria has a textile industry all too little known 
and appreciated in this country. 

The woollen centre in tln^ Enited States of America is in 
the Ncav England States, Pliiladelj)hia and Boston being the 
chief cities involved. 

The supplies of material for tlu^se branches of the woollen 
trade are derived as follows : — For the line trade Australian, 
(Jape, South Ameri(?an. and Continental line wools and some 
few fine cross-breds and English wo(»!s are tunployed ; for the 
medium trade coarser Australian, New Zealand, etc., cross- 
breds with slipe and skin wool, noils, et(t. : and for th(‘ heavy 
trade shoddy, extract, niungo,^ etc., seribbh‘d with cotton 
swecjungs, etc., to hold the blend together, an* larg(*ly em- 
ployed. 

The woollen firm is usually self-contained, /.e., it tak(‘s 
in the raw material and delivers the finished cloth, and also 
oft(*n merchants it. There are a few spinners of woollen yarn 
who do not weave and finish, and the ‘'Bag Grinders” or 
“Mungo and Shoddy Dealers” of Dewsbury, Hatley, and 
Dssett, form a distinct class to th(unselv(‘s ; but thes(' arc 
the exe(*ption, not the rule. Thus a wooll(*n mill will, a^s’ a 
rule, include the following machines or sets of machines : — 
Scouring Machines. 

Drying Machines. 

^ Tho>o waste materials average from 200,000,000 to‘000»000,()00 lbs, 
per annum. 
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Willows I Blendiiig-rooiii. 

Fearnaugnts ' 

Conveyors from Blending-room to the Cards. 

Sciibblers . Forming sets of maeliincs to prepare 
Intermediates I .. . , . • n 

^ j tor a given numl)er ot spindJes. 

Condensers J 

Mules — piteb and number of spindles to follow eards. 
Bing Twisters. 

AVarping, Dressing, Sizing and ])rying Alills, ami 
Machines. 

Looms to follow the spinning. 

Soaping Machines. 

Dollies. 

blydro-Fjxtractor. 

Milling Machines. 

Stocks. 


Crabbing Alacbines. 
Steam-Blowing Alacbines. 
Tentering Machines. 

Baising and Brushing Machines. 
Croiiping Machines. 

Presses. 


Few mills possess complete sets of scouring bowls— say 
four or five bowls to the set— as the materials I hey em[)loy 
are of such a varied character and comparatively so small 
in bulk that it pays better to buy bulk lots scoured and to 
kee;P a single machine for dealing with the greasy lots. For 
thSsame reason the space over the boilers is usually plated 
as a drying house, although of course the best firms employ 
drying machines of an ap[)roved type, which yield the wool 
up in a nicely open and dried condition. 
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The willow is a very rough strong kind of card, which 
practically tears up and dusts the material, a fan and 
chimney being connected with it. The fearnanght is a 
nearer approach to the card, still more finely working the 
wool and ejecting it as a rule by means of an air blast.^ 
Materials to be blended together are first i)assed thiough 
these machines, then built into a stack, layer by layer, and 
oiled at the same time, then beaten down with sticks^ and 
again passed through the fearnanght. The blend is then 
allowed to mellow before being passed on to the card ing- 
room. The scribbler card to which the material is subjected 
opens it out lightly, the intermediate card treats it more 
severely, while the condensing card ensures a regular film 
of wool and then divides this film up into a number — say 
120 films in 72 inches — of small slivers — count according 
to count to be ultimately spun to — which are wound on to 
the condensing hobbin ready for being 2 )assed on to the 
mule. On the mule these condensed slivei's are at one 
operation drafted out to the counts required and twisted, or, 
if this would be too severe, they are first roved and tlien 
finally spun to the required counts. The following parti- 
culars respecting the relationships of the cards and mule 
spindles are useful and interesting (see p. 258)- 
The oi)eration following spinning and twisting is warping 
if the yarn is intended for waiqi. Tf the yarn is intended 
for weft it will have been spun directly on to spools fitting 
the power-loom shuttles ; if for warp, on to cops holdhig a 
large quantity, and, if possible, a definite length of yarr/'to 
avoid waste in “bits.” Warping is best effected on the 
Scotch warping mill, although the cheese syste\n has by no 
means fallen into disuse. Upon whatever system the warp 

^ Care must be taken that neither air blants nor stioks s^rt out long 
material from short ; perfect mixing being the desideratum. 
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Sets of Woollen Machinery for — 


Cnuraii ll’o/7i. 

Scouring. 

Drying 

(Carbonizing). 

1 Willow. 

1 Foailiaiiglit. 

Bk'mling Rrocf'ss : — 

1 treble s(‘ril)bler ’-br(‘iist and II 
swift, Scotch iutcniKMliab' feed. 

1 double carding engine — breast 
and 2 swifts, double - doffer 
condenser. 

1 mule of -lOO s])indles. 

1 ring - twisting frame of 100 
spindles. 

(Yielding, say, 00 lbs. per hour.) 


Fine WoiL. 

Scouring. 

]_)rying 

(Carbonizing). 

1 Willow. 

1 Foarnaught. 

Rleinling Process : — 

1 double SCI ibblcr— breast and 2 
swifts. 

1 interinediate brea^-t and 1 swift, 
creel interinediate feed. 

1 double carding engine- -breast 
and 2 swifts, tape condenser. 

2 mules, 000 spindles each. 

1 ring - twisting frame of 200 
spindles. 

(Yielding, sav, 10 lbs. ])or hour.) 


is made a regular tension should be placed upon all the 
threads ; if of a coloured pattern, they must be in their 
correct order ; the right length should be accurately 
obtained, and the correct width for dressing on to the loom 
beam. Sizing follows, the idea here being to add a certain 
amount of strength to the yarn and to glue down the strong 
fibres and so ensure clear weaving conditions. Drawing-in 
or twisting follow, and then the w^arp is mounted in the 
loom. The favourite loom among woollen manufacturers 
now^ is the Dobeross, running at from 80 to 105 jiicks per 
minute. Several other firms also make woollen looms of 


an ajiproved description. It i.s here interesting to note that 
in^he woollen loom speed does not necessarily moan pro- 
duction, for woollen warps are frequently so tender that 
running at 80 picks per minute produces more cloth than 
running atT05 picks per minute. Of course for the cotton 
warps largely used in the low woollen and flannel trades 
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much quicker looms may he employed, 110 to 120 picks 
per minute being frequently attained. 

As the woollen fabric leaves the loom it is unsightly, 
rough, and uncouth. But finishing changes all this. 
Scouring clears off the size and oil, and, if skilfully done, also 
clears and develops the colours. Milling hursts the thread and 
gives a lull-looking texture; teiitering levels the piece, 
taking out all creases; crabbing fixes and gives lustre to the 
piece ; raising brings a pile on to the surface ; cropping levels 
it ; steaming fixes ; and wet-raising, boiling, etc., give a 
finely-develoiied permanent lustre. 

The following example illustrates how' all the processes 
in woollen manufacture must he applied with a definite 
idea of attaining a particular type of finished fabric : — A 
Melton cloth is recpiired in which the finished fabric shows 
little or no trace of threadiness, hut is of a felt-like appear- 
ance. To begin with, a good, fairly short, felting wool is 
required ; this should be worked with as little drafting as 
possible, i,e., condensed line and spun without roving. 
The warp and weft yarns should be spun with inverse 
amounts of twist-in and in the same direction, say, 
open-band. The twill of the w^eave, should a twill he 
employed, should run with the twine of the yarn, so that 
warp and w’eft “ bed ” into one another as much as possible. 
The fabric must not be too closely set, as the fibres must be 
given room to take a “ finish.” The thread structure must 
be cleared in the scouring, broken in the stocks, and consoli- 
dated in the milling machine. The surface fibres mustf’be 
raised up by dry-raising and closely cropped off to leave a 
bare clear surface without pile. Should stiffening be 
necessary, this may be effected by washing off the soaped 
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piece with Imrd water or by adding the necessai’y stiffening 
agents. Needless to say, the better piece will he that 
which requires no stiffening agent. Should the fabric 
come out of tlie press too highly glazed, it should ])e re- 
steamed to give it the requisite clear hut somewhat opaque 
Melton finish. 

Every distinct style of woollen fabric requires special 
attention in the finishing, as it is the finishing operations 
which make oi* mar the piece. A worsted cloth is lai'geiy 
made in the loom, hut a woollen cloth is really made in the 
finishing. 

Woollen manufacturers largely merchant their own goods, 
as distinct from the stuff manufacturers, for examj)le, who 
cater for the wholesale merchant houses. This is perhaps 
due to the fact that the woollen trade is largely a home 
trade, the manufacturing of woollen cloths— no doubt 
owing to its comparative simplicity— being spread over the 
world. Japan, for instance, already spins, weavc-s, and 
finishes woollens, but buys largely worsted tops and yarns. 

Ill Fig. 61 the relationships of the various processes in 
woollen manufacturing, one to the other, are shown. 



CHAPTER XTl 

THE WORSTED INDUSTRY 

The worstod industry may be said to Ijave risen with the 
growth and introduction of colonial wools into England. 
It may he true that its very name carries us back to an 
industry located in the village of Worsted, in Norfolk, but 
it is more than probable that did we enquire into this ])rimittve 
industry we should find that it was princi(»ally based U])()n, 
the production of fabrics which here will be treated under the 
heading of “ 8tulTs.” ^ For our present ]>urp()se, however, 
it will be convenient to include in this chapter all combed wool 
yarns and fabrics made entirely of such varns, along with 
possibly a few exccy)tions of the fabrics made (»f, say, worsted 
waip and woollen weft. If this is the division adopted, then 
it is necessary to point out that tb<*,re are really two distinct 
branches of the industry — with, of course, many grades in 
between. Long wools (mostly English) have been com]>ed 
and made into what are still known to our wonum-folk as 
worsted yarns from time immemorial. St. Blaize, a bishop 
of th^ fourth century, was the patron saint of the wool -combers, 
and.^for how long the industry had been established before his 
time it is difficult to say. We are fairly safe in assuming that 
prior to about 1830 worsted or combed yarns were made from 


T. 


} See Chapter XilL 
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long wool of a somewhat coarse and harsh character, and that 
the modern “ Botany yarn ” was almost unknown. Prior to 
1830 fine Continental wools would no doubt be placed on 
the market as hosiery yarns, but they would be spun on the 
woollen principle, and were no doubt synonymous with what 
are to-day termed “ merino ” yarns. From 1830 onwards 
the longer colonial merino wools were combed by hand, 
and about 1840 Lister (Lord Masham) first attempted the 
combing of short English wools (Southdown), and later of 
colonial wools, l)y mechanical means. Prior to this, attempts 
had been made to comb wool mecdianically, but inventors 
were more concerned with the production of any mechanism 
which would comb wool, so that we are fairly safe in assuming 
that tlie combing attempted was with long wool. Curious 
to relate, Lister soon abandom‘d his attem])t to comb short 
wool, becoming more inter(‘sted in his “ ni]) " comb, wdiich was 
more suited to the long varieties of w’ool, leaving the field 
clear for the Holdens so far as this country was concerned, 
and lleilmann and the Holdens so far as the Continent was 
concerned. Thus, from 1850 onwai’ds ther(‘ has been a steady 
advance in the capabilities of the machine comb, until to-day 
the Heilmann and Noble combs wall comb wools of, say, 

2 inches, wdiich even a few years ago would have been put on 
one side as being only suitable for clothing purposes. The 
genesis of the wool comb is illustrated graphically in List I. 
Every stage therrin forms a romance of industry. 

U was about the year 1870 that the fine woollen trade 
was “hit” by the introduction of line wool “worsteds.” 
AVoollen manufacturers, who a few years previously had 
reckoned their ])rofiis in thousands or tens of thousands, , 
either had to change on to the new style of machinery or 
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had to ch)ae down. The fine black cloth- the standard 
clothing of the middle and upper classes- became almost 
a thing of the past. Thus it came about that the worsted 
industry, instead of being almost wholly concerned in the 
rougher sorts of wools, became more and more concerned 
in the finer wools, so that to-day it is impossible to say 
whether the prei)ared, combed, and drawn long wool yarns 
or the carded, com})ed, and drawn short wool yarns form 
the bulk of the trade. But during the t»ast ten years, 
again owing to the large supply of a suitable medium wool 
— neither long nor short — what is known as the cross-bred 
trade has ariscm. Cross-bred wools are usually carded, 
combed, and drawn, but the yarns produced cannot ])e com- 
pared to Botany yarns for softness and delicacy. To-day, 
owing to the tendency to produce a big carcass sheep, these 
wools form the bulk sorts of New Zealand and the coastal 
districts of Australia and South America, and the yarn and 
cloth ti’ade in these wools is proportionately large. 

The worsted top and yarn ” trade is locaicd in Bradford 
and district, but some few and not unimportant lirms arc 
outside this district. Worsted yarns of the fine, ci’oss-bied 
and long wool type are woven, dyed, andfinislied in various 
parts of the country, each district, as it were, making a 
speciality of a certain style. Thus Huddersfield leads the 
world in the finest worsteds for men’s wear; Bradford and 
Tfalifax are ju’e-eminent for the cheap pioduction of plain 
stylb worsteds for both men's and women’s wear ; and 
Scotland now consumes large quantities of cross-bred and 
Botany yarns, which are made into Scotch tweeds and other 
fancy worsted styles, mostly for men’s wear. The cori'e- 
sponding Continental centres are Elbeuf and Aachen. Of 
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course, the correspondence is not exact. Thus, while 
Elborfeld makes linings similar to Bradford, no combing 
and spinning of moment is to be found there, and so on. 
Philadclpliifi, Boston and Jamestown are the corresponding 
United States centres. 

The worsted trade, as distinct from the woollen tracle, is 
organized into several distinct divisions. It is true that in 
certain parts of the country there are linns who buy wool 
direct, or at the London sales, scour, comb, spin, weave, 
and finish it. But these linns are the excejitions, the trade 
as a whole being organized as follows 

1. The Wool Buyers. — This branch of the trade originally 
bought the wool from up and down the country or in 
London and resold it to the combers. Of late years, how- 
ever, there has been a tendency to combine this trade with 
the combing. 

2. The Combers. — Tliis branch takes the raw material, 
scours it, prepares or cards, combs it, and places it on the 
market in the “ top ” form. 

3. The Spinners.— This branch deals with the “tops” as 
delivered from the combers, converting them by means of 
drawing and spinning processes into yarns. 

4. The Warpers and Sizers.— This branch deals with the 
warping and sizing of the sinnning yarns prior to weaving. 
Thus, warpers and sizers frequently keep standard qualities 
of their si)inners\yariis, and warp, size, and dress on to the 
manufacturers’ loom beam to order. 

5. The Manufacturers.— This branch w^eaves into 'the 
required fabrics the yarns, etc., supplied by the spinner or 
the waiqierand sizer. 

6. The Dyers and Finishers.— This branch, now largely 
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organized as a combination under the title of the Bradford 
Dyers’ Association, ‘ scours, dyes, and finishes the immense 
variety of goods forwarded to its various branch works, 
each of these latter l)eing specialized to deal with particular 
styles of goods. 

7.* The Merchants. — Tlui large wholesale houses in 
Bradford at one lime almost controlled— and certainl} 
developed — the Bradford trade. To-day there is mani 
tested a tendency for manufactindng concerns to merchant 
their own goods, hut notwithstanding this the merchant- 
ip.g trade of Bradford is in a very healthy condition. 

There are several minor branches of the trade in addition 
to the foregoing main divisions. Thus there lire comb- 
makers, spindle-makers, loom-makers, and the designers 
and card-cutters. 


Sf.ts of M\(’iit\ks from Wool to tuf Yapa', 


BoUmif, 

1 Willow. 

1 Four or Fiv(*-liowl Scmiriiig 

Set. 

10 Cards. 

2 Ihickwashcrs. 

2 Sets of two Strong boxi*'. 

1 Punch. 

8 Noble Combs. 

5 Sets of two fiJiisluTs. 




I Willow. 

1 Three or louid)(»\\l Scouring 
Set. 

1 Dryer. 

I Set of six Pr(‘j)uringdu)\es. 

(» Nip Combs. 

3 Sets of two iiuisliers. 

(Jlcickwashiiig to be added if 
required.) 

About six. Sets of Knglisli 
Drawing will be required to 
follow this. 


^ A few uftt unimportant dyeing and iiuishiug lirms! are not in this 
coni])iue. 
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Botany (contd,). 

Top Dyeing Plant. Ee-comhing Plant. 

2 Twenty-eif^hi Can Top Dye- 2 Winder. 

I\ta(3liiiies. 3 Sets of two Breakiiig-up 

1 BackwaHher. Boxes. 

2 Mixing Boxes. 1 Puiicli. 

4 Noble Combs. 

2 Sets of two (inishers. 

Drawing Plant. 

3 Sets of Botany Drawing Machinery, and 
1 Set of French Drawing Machinery. 

It is not possible to give details of all the machinery 
employed in the industry, hut the above indicated sets 
of machinery for English cross-bred and Botany yarn pro- 
duction, in conjunction with the information given in 
previous chapters on preparing, spinning, etc., will enable 
fi comprehensive grasp of the subject to he obtained. 

In the worsted and woollen industries the type of work 
is so miscellaneous that weaving machinery is rarely supplied 
in sets. In the cotton industry, how^ever, sets are most 
carefully calculated for specific types of fabrics. 

'Worsted looms may he run much quicker than woollen 
looms, an additional speed of at least 20 per cent, often 
being possible. As a rule, a greater shedding or boxing, or 
both shedding and boxing, capacity, is required in the 
worsted loom as compared with the woollen loom, as 
worsted goods are made in the loom, and not in the 
finishing, as are woollen goods. Extreme fancy w’oollens, 
how^ever, are as difficult and complex in the making as 
fancy worsteds. 

The fabrics produced in the worsted trade may usually 
be classed under the heading of Botanies, Crors-breds, or 
English. The plainer styles in all qualities are woven in 
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2 3 4 

— 1 twills and other standard weaves. For 

women’s wear, when fashion is favourable, large numbers of 
jacquard figured styles are produced, while for men’s wear 
backed and double cloths and very complex schemes of 
interJacing and colouring are regularly to be met with. 
Special note should bo made of the colouring, as the 
organization of the Botany coloured yarn trade of Bradford 
and Huddersfield is unequalled elsewhere in the world, 
unless it be in the Lyons silk trade. 

The finishing of worsted goods has been defined in the 
chapter on “ Finishing.” Note should be made, however, 
of the fact that there are to-day many worsted finishes.” 
Time was wlien w'orsted coatings invariably w’ore “ greasy.” 
Such is not the case to-day — at least, not if the finisher* 
has done his work well. Again, worsteds may be produced 
soft or crisp at will by maintaining satisfactory conditions. 
Thus, just as in the case of the woollen cloth, the final 
product is decided by the primary selec^'on of the raw 
mateiial, by the way in which that material is prepared 
and spun, by the way in which the fabric is ccmstnicted 
and woven, and finally by the finishing. It is not one but 
all these factors which must be considered carefully if 
characteristic worsted cloths are to be produced. 

Tiie merchanting branch of the trade may be con- 
veniently divided into the “ home trade” and the “ shipping 
trade.” Owing to this division and to the variety of textiles 
piiduced, it is questionable whether Bradford should be 
considered a city of one trade. It is further questionable 
whether th§ total trade fluctuation is greater than in a city 
of recognized diversified trades, such as is Leeds. 




Kit.. - (Jiajtliic fllu.sli.'itinn of tlie Cornbiii^' l*lO(’f^s^^•^ tm Sliori Wool 1 and wools 
to bt* ttt-alod ; J;, lil»*)i(l ol wools (1) ami (J); 4, Gaud 7, wiislnii^ bowls ; s, ilrjl'i (jiot 
always u.shI); !I, wudtT . 10, barkwaslin ; 11 and 12, .stioiiK boxt^s ; 13, ituiich for 
balluiK slivm lor comb ; 14, Noble comb ; 15, 1st Iniisher ; 10, 'Jml finisher. JVwlf.— The 
balance of niachinnN is not here preserved ; thus one set of scouung would keen 
perhaps tweUe combs running (see [}. 238). 






Fig. (i2D. — Ovii])hu' Jllusimtion of the Ih'iiwinp :ith1 Spinning 
Pioc<^ssrs*on the French, Kiii^lish, Merino (Ojjen), and Merino 
(Cone) Systems. 
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The following tables, taken from the Bradford Chamber of 
Commerce’s “ Statistics of the Worsted and Woollen Trades,” 
convey useful information respecting the “ top,” yarn, cloth, 
and dress-stuff trades. 


List XIV. — Exports of Wool-Wastf, Noils, and Tops. 



v< 

'ai. 


Total 







Ills 



Ju 




190S 

r>r),202,2oo 



2,522,15 

.2 



1909 

156, 695,400 



4,242,82 

.5 



1910 

7K269,20(i 



5, 170, .29 

7 



1911 

67,658,400 



4,766,85 

2 



1912 

76,55.2,000 



:5,252,81 

1 



1912 

77,519,200 



5,821,-569 



1911 

61,775,800 



4,865,88 

i 



1915 

25,598,000 

1 


2,265,4.2 

5 



1910 

42,828,400 



5,178,929 



1917 

22,201,900 



4,765,070 



191S 

2 : 1 , :i7r», 70(1 



4,624,70 

5 



1919 

24,420,500 



7,162,61 

7 


List XV. - Exports 

OF Combed or (. 

'ARDED W0(J 

>L AND ' 

Fops. 


lori. 1 

1914. 


191 

.-1. 

1916. 


Ouantitic'. 

Value, j 

Quaiililies V.diie. 

QuaiititicH 

V.due. 

(hiiintihes 

Vuliii 

7V< , 

ills. 

’ £ 1 

llw £ 

1 

Ills. 1 

£ 

Ihs 

£ 

JCbHii . 

1 J7«, !(>(' 

1 10 : 5 , 00 :? 

1,040,200, 92,782 


:6 1,800 1 

54. IS.'i i 

iKJ.TiOO 

29,7 

Swi'dcii . 


4‘5;..or)4 

4,128,800 :?49,270 

C 

>8(5,700 ] 

1 101. 'i'll, 

2,086,700 

2r>7,4 

Xorwn\ . 


1 44,400 

4»i0,000 ;?7,O02 


521,200' 

i .54,.'i2 5i 

.'l.‘•0,200 

66,(] 

noiimark 

4«'.»,7(i(> 

1 ;n,i:?o 

449,400 :5.?,642 

'•1 

5(5 5,000 

.'•0,601 , 

489,600 

.'■>9,1 

(iormaiiy 

1«,2:{4,000 

! 1,200, .508 

11,426,000 894,114 



1 



liollniid 

:t,r.7i/)(io 

1 272,004 

, 2.916, :?00! 220,89.1 

Ic 

56.5,900 

1 126,818' 

1,920,100 

211, ;i 


2,;}78,4n() 

! 170,102 

1,876,700 1 140,680 


- 

1 



France . 

1,108, 1(H) i 

i 00,0:10 

604,800 1 04,474 

3,' 

i.')9,400 

1 46.'i,ll.'i 

7,8(11,200 

1,4|:5,.' 

PortiiKul 

27:i,100 1 

1 28,008 

2(59,800 28,761 


114,400 

1 .'11.162 

161,:500 

22,4 

Spain . 

S>:V5,()00 ! 

84,00 5 

649,600' 61,91:5 


54.'.,900 

j .?.'..070 

78,400 

11,.' 

Jtaly . 

2,04t),l(l(» ! 

102...27 

1,.009,200 1 121,0:51 

2,066,700 

1 2:56,141 

:5, 949, 700 

030,8 

Austria- 



1 






HuriHary 

i (il(),(KlO 

47,870 

22‘?,loo! 16,8:18 



i 



Jaiiiiii . 

1 r., 147, 000 1 

018,202 

' :i,708,100 4.01,948 


(.'ll, ‘100 

1 11:5,111 

278,200 1 

46,8 

Otfiei 









Fiirelnii 



1 .0,019,700' 498,280 






i'oiiiitnes 

087, 000 1 

02,004 


15 

^07,200 

1 098 

.'i(57,.'iOpi 

.06,8 

Caniidu . 

;),o78,io() 

220,040 

2,008, :500 1.00,(520 

:5.8:?4.1(M) 

:598,2.'i2 

1,3:50,90«) 

.'•:50,:] 

Other 



i 






Jtrltish 









J’oHrtea- 1 



1 : 






sionu 

— 


i 40,300 ; 3,072 


22,:5(M) 

2.:5i>() 

98,000 

; 16, e 

lOTAL 1 

4;5,tj:j;j,loo 

d, 001, 799 

36,840,300 . 3,163,836 1 16,200,900 

],786,iritl 

12..'5r.4,600 

1 3,2.0:5,;i 


(■ 



THK WOfiSTET) TNDUSTUY 


209 


List XV.—Expokts of Combed or Cardkd Wool and 
Tops continued. 


J017. I 





Oufintttie‘4 

V.i'ue. 

Qimntit I 

i 

Value 

Quant it icH ^ 

• 

Ih^ 

£ 

11m 

£ 

11.S ! 

To : - 
Ruw-iii . 


:17,042 

- 


. 

Swedi'H 

Norway 

Dnuuark 

1 

l.'iS.lOO 

2,70 1 
18,2^0 
21,071 

- 


1 .840,800 ' 

<ieruiaiiv 

Holland 

27S,S()U 

•17,010 




lielj^iuin 

Trance 

4,1.10,(100 

- 

07r),.'»88 

2.f I'l. lott 

870..>2 


I’ortujjal 

1)0,700 

10,.V1H 

; io.2o«» 

2,000 


Spain . 

Italy . 

02,000 

.'.,202,:)00 

1 4,080 
880,700 

; 0 708,400 

1.54.1.000 


A UHti hi- 
ll utiKan 


_ 



' 10,400 

Japan 

1,000 

2 12 

- 


Otlu'i' l''oiei«n 
Counti ies 

148,000 

. 

2.1,780 1 0,100 

1.08.'. 

_ 

('anada 

.J,7H0,S00 

:i00,224 

1,000 

1,001..)00 

— ■ 

Other lintLli 
I'OHscsslons. 

11,800 

0,111 

r.,700 

808 

- 

Totap . 

14.:i7;!,800 

2,028,1.'.0 i i:),000,000 

.5,-2.50,071 

■ 14.800,000 

1 




1 





Value. 







List XVI. — VVoollfn and Worst' ’> Yarns. 


1 eai' 

lu.polts. 1 

_ 1 

K\p- 

\Vel;,li1 111 Ihs 

\ .due 111 £. 

Wijolit, 111 llm 1 

1909 

23,985,703 

2,441,018 

81,31.5,600 

1910 

27,546,472 

2,795,.574 

94,253.900 

1911 

27,497,777 

2, 852, .308 

91,081,100 

1912 

30,586,909 

3,171,6,57 

87,888,900 

1913 

32,993,997 

3,532,656 

80,415,300 

1914 

18,588,525 

2,065,610 

.53,413,400 

J915 

653,811 

81,849 

21,724,200 

1916 

428,010 

60,765 

33,090,700 

1917 

113,649 

18,486 

1 23,7.52,300 1 

1918 

1.5,036 

3,268 

16,377,900 

1919 

•2,826,705 

1,036,504 

32,2.30,100 


Value Ml 


7,177,H2.^» 

J),D46,:$94 

8,91 9, 
8,225,597 
8,040,415 
5,.54 1,967 
11,189,966 
6,444,240 
5,660,326 
6,392,365 
12,964.205 
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Lt8T XVII.—Manufactures of Wool. 



1 liii])nits. 

Evpnrts .1 


Valui' III £ 

Valup 111 £. 

1000 

0,148,004 

04,708,440 

1010 

; r>,or):{,02i 

42,050,820 

1011 

.^>,0.17,58:1 

42,052,008 

1012 

i r),802,002 

1 40,810,002 

101.*} 

; 5,772, 801 

44,241,011 

1014 

4,500.852 

07,127,548 

lOlo 

i,:i:l‘i,022 

07,207,100 

lOIC 

405,0:i0 

52,050,000 

1017 

:io,ioi 

58,202,401 

lOlS 

111,400 

i 54,500,101 


' In lliis column flocks, shoddy, wtmls, and waste arc 
included. 


List XVII L— Imports of Wool Drpxs-sti'ffs, Flanxels 
AND Delatxks. 


liu:?. I HUI. I IIM'). I ini 6 . 



Onaiititics 

V.ilues 

Quantities 

Values. 

Quantities. 

Values 

Qiiaiititiei 

Values, 

Vmn . - 

Y.irds 

£ 

Yards. 

£ 

Yanh 


Yards. 

£ 

1 mill (' 

1 ;.(» 17, DIM) 

11,402, 970 

:5.'.,2 14,824 

0,01 l,.'.H6 

1,014,6 1.') 

168, •12.') 

712.820 

77,:5.')8 

n»rriia]iv . 


l,0():5,7:J.‘l 

7,807,002 

677,7.14 

4.r.')8 

.1,.800 


Holland 


2.1,007 

217,220 

2l,:tll 

:171.‘580 

17,020 

12. .O') 

2,0(57 

]{('l(:iuiii 


10:5,8H« 

011,401 

01,700 

126,001 

10,264 


- 

Swit/( riaiid 
Aiiistna- 


151.17(5 

824,082 

40,.'i.'i:{ 

1,870,211 

117,078 

4 7'), 10.') 

ll.H.V) 

lliiiigarj , 
Other 

1 111,(177 

10,01(5 

:)0,00'> 

i 

.'.,.'.28 

! 




Countries 

J 4(5,40.1 

i 2,81.', 

1 

1 46,047 

.'j,l84 

I.0l!l,!»08 

70. 1 82 

80l,08(t 

i 

Less Re- 

.'.0,080,8(5:1 

1 

4,7(51,0.12 

4.'»,I82,.'.(51 

1 ‘1,8.'..'., 62.') 

."5,. 11 6,681 

11 2,21 1 

2,008,7(54' 

I 164,1.')7 

exjiorts . 

7,8:11,(57:1 

.^)02,.''.i;> 

7,00.'»,010 

622, 6-10 

1,217..'.88 

08,0(50 

1,116,71.'. 

0:5,0.'>0 

Net Imports 


4,108,407 

:47,1H7,.'>12 

1 1 

:i. 212, 086 

4, 000, 00.) 

:i 1:1,471 

j 082,O4'.> 

71, .107* 

1 
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List XVllI. Imports of Wool Dress-stuffs, Flannels, 
1) E LAIN Es emit inued: 





IIM.S. 

Ulh). 


Qua lit itii 

s Viiluos. 

Quantities 

Values 

Quantities. 

Values. 


^ anls 

£ 

Y anls 

£ 

Yards 

£ 

I'rout 

I’raiKT 

‘tlH, {Ji 


242.'.).i2 

27,1 HS 

l,(lll.fi.-)2 

27(1,1'*') 

(irriiianv . 
H()ll.nul . 


1 : 





- 

Jiolmuin 


1 



— 

- 

Swil /.(‘riaiul 
Aiistna-lluu^rarv 


' .la|Mii 

2t>(l.'>27 

21.VM4 


r. 

Otlior (kmnt TIC'S . 

.'.i.mi:. 

1 J,in> 

1 , U« 

lt)7 






:)(i.-). hi.') 

4ti.l0!» 

I,(l4"),t’)42 

ti7.r.7i 

J.c'^'s l{('-c\|ioita 

:;('i J7:. 

J«,4.'>7 

22. 1 56 

.;,H2I 

to, IMIS 

2r).(iii2 

Net lni|)(trts 

1 

7.12.-) 

l72.'>.-)0 

1.'), UH 

i,-).-)2.()n 

2'IJ. 1H2 


Tiisr XIX. Imports op Wool (^.otiis. 


— 



- 

— 

— 




1 

hi 

1 

h.lll. 

101 

.). 1010. 


t^l.intitles. 

Y.iincs 

Qu.intitics. 

Values 

Quant It ICS 

Values, Qn.intitic.s 

Values. 


Yards 

£ 

Yards. 1 

£ 

Yaids 

£ ' Yaids 

£ 

Frow - 








(iermain 

1,(1' *2. 112 

1(54, (111.-) 

l,t {(5,!)!l() 

1().'),7()7 




Holland 

tH().7(l‘l 

.VI, 18(1 

!K5il.(5.')8 

1(1.5,401 

1,400.2-).-) 

1 14,'l(is 78,0(57 

8, i 20 

Hi'IkIuiii 

i(l(i,’i77 

7(),(l.')8 

h.l'),?.')') 

54,07 4 

1,(100 

.-)(!( I 

— 

France 

072,Hr)0 

121,1(1.-) 

.'),-)8,ll!ll 

10(5,281 

70,000 

12,012 l(ll,.).5l 

10,810 

Austria - 



) 


1 ! 



Hun^^a^v 

17,172 ' 

2,'<'IS 

8.-)2,77'i 

120,01(5 

80.'.,l7i 

1.54,680 ! 


Other 





j 



Count Ilfs . 

ll7,-).72 

hl,(l()l 

i 


i 

' 1 00,22 1 

j 

2.') ,024 

• 

2,777, ;7S 

4 It), 2.57 

:5,714,lS(i 

.-).55I,I42 

' 2,400, 00.-) 

282,100 :548.82.-) 

.')2,072 

Less Ke- 


1 



1 



ex])ort;S . 

28(1, 1(5!) 

.■)l,()4.5 

4!)4, 5<.'4 

81,712 

1 167,411 

10,42 5 1 Gl,l')8 

12,601 





! 


i - — - 





• 


1 


1 



Net luijiort- 

2,4!l7,()()'.l 

;184,.-)'.I4 

ll, 2 10,78(5 

4.-»7,400 

; 2,232,684 

2.71,737 j 287,607 

40,371 
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List XIX.— Imports of Wool ChOTW^—coniinncil. 



1917. 

1918. 

1919. 


Quantitios. 

Valuos. 

Quantities. 

1 

Valuos. 

Quantities. 

Yalties. 

From 

Yards. 

£ 

Yards, j 

£ 

Yards. 

£ 

(Jprmatij’ . 
Holland . 

n ,(>10 

MSP 

i 

.... 


T 


- 



:t0,507 



Fr}iii((' 

in:}, 704 

28,878 

7J,:{:»o 



Austria- Hnnuniy 

— 


— 

- 

-• 

— 

Oth(.'r Count ric's . 

in.:}77 

1 

.5,08:1 

.542 1 

88 




12(5,721 

:}:.,45n 

71,072 

:50,(i55 

, 225.0(52 

105,008 

Loss llo-cxports 

14,2 1 :} 

1,502 

4,11.5 ; 

2,11.57 

20,478 

17,274 

Not Imports j 

112,508 : 

:}0,888 

1 

07,5 5‘t 

28,018 

20.5,184 

1 

88.:;!) 1 



CHAPTER XIII 

TITK DRESS GOODS, STUFF, AND LININGS INDUSTRY 

It is pro))ablc that Iroiu the earliest days dress goods 
and fabrics generally destined for women’s W(‘ar liave been 
very diversified in material, texture, and design. Tapestries 
I might be more elaborate in design and richer in texture, 
but certainly not so varied in style. It is pro))able that for- 
centuries wool textures have occupied a leading position for 
women’s ordinary wear. Coarse woollens of the “ winsey ” 
tyi)e were no doubt manufactured in bulk for the lower 
classes ; somewhat liner fabrics of the serg(* type would be 
the bulk sorts for the better classes along with cashmeres ; 
while the upper classes would more largely patronize silks. 
Linen was of course largely used as an under- wear, and ii 
is more than probable that, prior to the introduction of tin* 
cotton frock, linen fabrics would be used for a similar 
purpose. Our Eastern trade, dating from the seventeenth 
century resulted in the introduction of fine cotton goods 
in the shape of muslins, etc.; but it was quite late in 
the day before we w^ere able to manufacture these and 
proVice somewhat similar styles in wool under the name 
of “ mousseline-de-laine.” It is thus quite easy to under- 
stand how *the Dress Goods trade of to-day has come 
to be BO comprehensive in its employment of nearly 

T. 


T 
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every textile fibre and every possible combination of tbe 
same. 

Prior to about 1837 all wool (woollen or worsted), all silk, 
all linen, and some few wool, silk, and linen combinations, 
were the standard styles. With the introduction of cotton 
warps about this time and the extended use of cotton about 
1856 the ])ossibilities of the combination of various materials 
was more fully realized, resulting in what is known as the 
“ Stuff Trade.” Thus cashmere cloths, whi(di, ]>rior to this 
period, had been made from wool warp and wool weft, were 
made with cotton warp and wool weft; the Italian clotli, 
again a cotton warp and W'ool weft style, was introduce 1 or 
re-developcd ; the use of mohair in conjunction with cotton 
was exploited, resulting in the discovery of a whole range of 
fabrujs variously s 2 )oken of as Sicilians, Brilliantim's, Orhians, 
etc. ; and a little later Sir Titus Salt ])laced his far-famed 
Alj)aca styles upon the market. Thirty years later, and the 
mercerizing of cotton again upset the commercial equilibrium 
of Bradford. Mercerized goods in a ]>ure form liavci partially 
taken the i)lace of the ordinary botany weft Italian, and in theii 
varieties in the shape of lustred (Schreinered) goods and 
blistered or crepon styles have made a lasting impression upon 
the fancy dress goods trade. 

Laigely owing to being first in the field, and to V(!ry successful 
sjanning, Bradford has well maintained its haid in such 
dress goods as involve the employment of English wools, 
mohair, alpaca, etc., these being termed hard goods as distinct 
from the soft Botany styles. With these latter styles' the 
French always seem to have been the most successful, simply 
because of the style of combing and spinning adopted, 
Bradford early ado 2 )ted the Danforth spindle or cap frame, 
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Fkk (»2ic. -Waqiiiig, Sizing, Dressing, etc., I'rocesses. 


a spinning machine admirably adapted for the ])rodiiction 
of "^ad, solid Botany yarns' typically suited to the Italian 

^ Roughness must not be mistaken for fulness. The cap frame can 
onl)^ ho (■onsWered to spin a “ iulB’ yarn in comparison with the flyer 
frame. 

T 2 











and worsted coating trades. France placed its faith in the 
mule, and by the time of the Great Exhibition in 1851^had 
already made a name for soft mule-spun fabrics. From that 
time to the present, notwithstanding both public and private 
endeavours, France has well held her own. True it is that 
when fashion favoured the hard stuffs of Bradford, Koiibaix 
seriously discussed the possibility and advisability of 
adopting Bradford's method of spinning ; but upon the 
whole they have lost nothing by keeping to the mule. 
Within the last two y<‘ars Yorkshire has again seriously 
considered the advisability of producing more mule-spun 
yarns, the Chamber of Commerce taking a strong lead in 
the deliberations held, and several firms have now suc- 
cessfully overcome the difficulties, both practical and 
economical, and are placing on the market mule-spun 
worsted yarns as satisfactory and as cheap as the French 
yarns. In such goods as Amazons these mule-spun yarns 
are employed as warp with a woollen yarn as weft. This 
woollen yarn, of which tons are used in Yorkshire and 
Scotland alone, is spun in Belgium and France, no English 
firm having yet been successful in its economical pro- 
duction. With the success that has attended the attempts 
to produce mule-spun worsted yarns still markedly in 
evidence, it will be a strange thing if Bradford does not 
seriously attempt and succeed in producing this most 
important woollen yarn. 

The Dress Goods, Stuff, and Lining trade is almost wholly 
located in Bradford and district. In mohairs Bradford scill 
has a practical monopoly, although the piece trade is 
threatened by the export of “tops” and “yarns^’ to Conti- 
nental centres and the United States. In all hard stuffs 

^ Or even prior to this, as Arthur Young, in liis “Travels in 
France prior to refers to France’s supremacy in these goods. 
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Ikadford still leads, altlioiigli both the United States and 
the Continental (jentres are gradually becoming proficient 
in the manipulation of English and cross-bred wools of the 
long type. Itoubaix is the great rival of Bradford, in France, 
and Gera-Creiz, Tittan, Barmen, Elberfeld, Meerane, and 
Glauchaii in (Jermany. In the United States the mills were 
so much engaged in the j)rodiiction of bulk sorts in the home- 
grown wools tliat litth'. endeavour was made to pi*oduce 
Euroj>ean fine styles until (pnte recently. To-day the mills 
of Passaic arc producing fine drt‘,ss goods second to none. 

The su])])lies of raw materials are derived as follows 
Oldham and Bolton su])]>ly the cotton warps, usnally s]>un 
from best Egyptian or Sea Island cotton, but. sometimes from 
American ; Asia Minor, the Capi‘, California, and to a small 
extent Australia, su])ply mohair ; South Amerie.a supplies 
alpa(^a„ vi(uina, and llama wool ; India suppli(‘s cashimTc and 
other wools ; England, New Zealand, and South Aimu’ica 
supply long and cross-bnnl wool ; and Australia., the Cap(^, 
and South America su]>ply the line Botany 'vools rcupiired.^ 
Sp\in silks are now manufactured in Bradford and, close to, 
at Brighouse, the raw material largely coming from Asia, and 
the latest from tin'. Congo Stat(‘ ; while the net silks required 
are obtained from Macclesfield, the Continent, or China and 
Japan. 

The organization of spinning has been dealt with under 
the heading of the AVorsted Industry. So many and varied 
ar6 the materials and counts of yarn used by the dress 

*11 Caiiiidiaii merino wool is just bo;j^imiing to apix'ar in iU’adtorJ. 
Ill the If. S. A. some most useful “ domestic ” or “ teiritory ” wools 
are now grown. 
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goods nianufiicturer that it would be an economic impossi- 
bility for him to spin the yarns he requires ; he must buy 
on the open market. 

Cotton \\arp8 are delivered in Bradford in the “ ball ” or 
“chain” form, and are dressed in the factories on to the 
loom beam.^ Mule-spun and delicate wool warps are &ized 
and run directly on to the loom beam by the warpers and 
sizers, who supply the yarn at a definite price per pound on 
the loom beam. If it were possible to hank-dye and wind 
1-40’s cap-spun yarn without undue waste, Bradford would 
soon develop a coloured dress goods trade. As it is France 
still retains by far the greater part of this lucrative section of 
the industry, as Bradford is largely limited to piece-dyeing. 

The dress goods manufacturer restricts his energies to; 
tiie warping and dressing of his yarns and the weaving of 
the same. Ilis looms may be plain looms, box looms 
(frequently boxes at one end only), dobby looms or 
jacquard looms. As the trade is very liable to violent 
fluctuations from figured styles to plain styles, most fancy 
manufacturers make arrangements to sling their jacquards 
up and employ their looms as tappet or dobby looms as 
occasion demands. The looms used are largely made in the 
West Biding of Yorkshire. The number of looms in a shed 
will vsry from 50 to 51)0 or even 1,000 with the accompany- 
ing warping, dressing, twisting, weft-room, and grey-room 
arrangements. The organization is comparatively simple 
as compared with a combing and spinning mill. 

Some so-called manufacturers have no looms at ull, 
getting their goods woven by “commission weavers.” 

^ There is now ji teTnhniey for the sj>irmnr to delivtv warp yarns 
ready dressed onto the loom beam. 
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These firms are usually very limited in their turnover, 
although it is but fair to add that there have been some 
remarkable exceptions. 

When figured goods are in fashion tlie designers and 
card-cutters form a very im23ortant section of the trade. 
The larger firms keep their own designing staff and card- 
cutters, ])ut the smaller firms usually employ one of the 
indei)endent public designing and card-cutting firms, who 
su]>i)ly sketches to select from, jioint 2 )aper designs, and 
cut cards at a comparatively small price. 

The styles of fabrics 2 )roduced range from plain cloths to 
elaborate figures. The following particulars respecting 
(1) a jilain lustre fabric; (2) a figured lustre fabric ; (3) an 
all-wool Botany dress serge (cap-spun); (l)an Amazon or / 
soft dress fabric ; and (5) a Botany Italian, will give a good 
idea of the variety of texture to be met with in this trade. 

1. Vlnin, Liistrr /''uhriv : 

Warp. Wf//. 

All or Sen All 1 Groy or Lustro 

Blnad I Hack cotton. Enj:;lish. 

40’s reed I's 40 threads j)cr 10 picks jicr inch, 
inch. 

('ross-d3’ed black, lustre finish. 


■J. Ftijarcd Ltifttre Fabric: (Innivd vrarc plain. 

Warp. 11 

All 2/10(fs bleached E<<yptian or All White Mohair. 

Sea Island cotton, 72 to 70 picks per inch. 

32’s reed 2 ’b or Od’s reed Ts = 

64 threads jior inch. 

Finished White. 
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Jl. A11~W(k> 1 ^mje : IfVarr 2/2 TirUJ. 

WmjK Wrfi, 

All 2/o(rs Oai)-Spim Eotnuy. All I/.'IO’h llotauy. 

1()’r roed 4’a — (H threads per 64 j)ickR per inch, 
inc.h. 

Dyed any shade requiied, and given ordinary serge finish. 

4. A'mazon : \Veave : rererse o Sr/ircn II arp Fare. 

JVarp. jrr/f. 

All 2/.)(i’s Gap-Spun Botany, All 40 Skein Woollen. 

or l/.‘10’s lMule-S])un Botany. .46 to 40 lucks per inch. 

2rs reed .'fs = 72 threads ]»er 
inch. 

Dyed any shade required, and given a Yeneti.an or Doeskin finish. 

6. JtahaH : irmrc; Wtjt Fa<€. • 

\y<n'}K IIWI 

All 2/r)()\s Blfick Cotton. All 1/60’s Botany (grey). 

2()’s reed 4’s. CJO picks per ifc h. 

Dyed black, and given a solid liislious Italian finish. 

The finishing of dross falirics, etc., is almost udiolly in 
the hands of the Bradford Dyers’ Association, although, as 
previously remarked, there are a few not altogether un- 
important firms outside the combine. If the combine has 
maintained prices at a higli standard, it is but fair to add 
that they have made most marked advances in the methods 
of dealing with the large variety of goods continually 
pouring into their works, and, in addition, have introduced 
some new finishes of surpassing excellence. The Asso(aation 
is now actually indicating to s])inners and manufacturers 
the^ selection of raw materials and spinning and weaving 
necessary to jiroducc specific, finished styles. 

As in the case of the worsted coating industry, there are 
two marked divisions of the dress goods trade- the homo 
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section and tlie export or shipping]; section. Again, some 
firms merchant tlieir own goods, and others work in con- 
junction with the large mercliant houses. Unfortunately, 
Bradford trade terins are not standardized as are Manchester 
terms, so that conditions of sale and })urchase vary con- 
siderably — sometimes for the good of the industry,, but 
upon the whole, to the detriment of the industry. 

The re(;ent develnjmient of Bradford’s trade in mercerized 
goods is worthy of more than passing comment. When, 
between 1890 and 1900, Ibrnlford first took uj) this trade 
it was suj)])osed that it would ultimatidy drift into Jjaneashire. 
Although this has partly occurred, Bradford has considerably 
more than held its own, and to-day is making large* (|uantities 
of these goods for both the home niark(‘t and for exj)ort. 0|^ 
course this trade has cut at the s]>uii silk and in part at the 
Italian industry, but upon the whole tiie gain lias be(*n much 
greater than the loss. 

Artificial silk manufacturing also seems to have, largely 
centred in Yorkshire, to-day large (pian titles of these goods 
being produced, more particularly in the Bradford district. 



CHAPTER XIV 

THE TAPESTRY AND CARPET INDUSTRY 

The tapestry and carpet industries are frequently but 
not always allied. It is but natural that we should be able 
to trace the arts of tapestry and carpet weaving; more 
definitely and perhaps farther back than the art of weaving 
ordinary fabrics, which, being siini)ler, did not claim 
|he attention that the production of elaborate tent drapings 
llainied in the early days of the human race. As already 
pointed out, it was but natural that elaborate figure 
weaving should early develop in the family period of the 
industry, and that elaborate styles of an artistic character, 
unsurpassed even in these days, were to be met with not 
only in the eastern but also on the outskirts of the western 
R-oman Empire. The Normans, for example, controlling the 
labour of England, built cathedrals and churches ; in Sicily 
they not only caused churches to be built, but most 
elaborate and inspirited tapestries to be woven. 

The draw-boy loom was introduced into England from the 
East during the Aliddle Ages, and it was no doubt already 
largely employed on the Continent. This mechanism 
ce'itainly facilitated the production of large repeating pat- 
terns to a very considerable extent. Early in the nine- 
teentb century Jacquard, with some more or less important 
improvements on the machines of his predecessors 
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and contemporaries, produced what is known as the 
Jacquard loom, and about 1830 this machine was success- 
fully combined with the power-loom and made almost 
as complete a success as the ordinary plain power-loom. 
So little was the success of the Jacquard power-loom 
known outside the Bradford district, however, that the 
writer well remembers in the year 1884 or 1885 a 
supposed authority in the trade questioniiif^ whether it 
ever could be a success as a power-loom, i.r., twenty or 
thirty years after it was running by the hundred, or 
perhaps thousand, in the Bradford district. To-day the 
tapestry loom is a magnificently harmonised combination 
of Jacquard, dobby or tappets, box motion, letting-off 
and taking-up motion, and is employed upon the simplesy 
kinds of tapestries, consisting of little more than reversov 
warp and weft sateens, up to imitations of the Gobelin 
tapestries. In Fig. t)3 a standard tapestry structure is 
illustrated. 

The carpet trade ma-y be divided into three lu-anches, 
viz., double-structure or Kidder or Scotclj carpets, tufted 
carpets, and true pile carpets. Double-structure eari)ets, 
no doubt, had their origin in stoutly woven fabrics to be 
employed as ffoor coverings, probably in the first instance 
for the ladies’ apartments of the old baronial castles in 
the 'place of rushes, etc. To make a stouter and better- 
wearing caiq^et would naturally lead to the weaving of 
two cloths together, and from this would come the idea 
of figuring by an interchange of the two cloths — bacl^ to 
face and face to back — the colourings of back and face 
fabrics being designed to give the utmost value to this 
change (see Fig. 04). A special form of tlie Jacquard loom 
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to facilitate the figuring of these goods was also a natural 
outcome. 

Tufted carpets undoubtedly came to us from the East 
in the first case, Turkey carpets being probably known 
long before any attempts were made to produce such 
fabrics in western Europe. Largely owing to the deunite 
endeavours of French statesmen — Colbert, for example — 
tufted faluics were made in France during the sixteenth 
century, and from that date to this the noted Gobelin 
factory has been turning out most elaborate examples of 
these fabrics, in many cases reproducing with a most 



Fkj. O-i.— Scotch ('arpct Structuro. 


wonderful exactitude the paintings of the most celebrated 
French artists. A more practical, if somewhat less artistic, 
hand-loom woven style of tufted carpet was developed 
during the seventeenth century, and owing to James L, 
in the seventeenth century, introducing this industry 
from Flanders into Axminster, in Devonshire, those carpets 
have become known as Axminster carpets. Jlrielly, they 
consist of a firm canvas back or foundation cloth — woven 
at the same time as the tufts aro introduced — into wh^ch, 
row by row, tufts of the colours necessary to produce the 
pattern are firmly latched in by hand, and cut to the right 
length. Thus the only limit to this typ(3 of design is the 
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numbor of tufts wliioli it is possible to insert across and 
lengtliwise of the carpet. As these tufts are now introduced 
niechanically from bobbins lield on bars mechanically ])resented 
across the “ fell ” of the piece, and as the number of bars from 
a practical point of view must be limited, so is the form design 
limited in both warp and weft direction (see Fig. C5). Tliere 
is, however, no colour limitation save such as economy imposes. 
The Axminster ])oweT-loom was in ented by Mr. Alexander 
Smith and Mr. Halcyon Skinner in the United States of America 
about the year 185(1, but it took some twenty years to establish 
itself in this country. Many modifications of Axminster 
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car[)tds are now ])laced u])on the market. In the most 
important of thes(‘. the tufts of c.olour re(]uired in one line 
across the ultimate c.arpet are first woven into a gauze thread 
to form a “ ch(*nill(‘. ” yarn, as many of those variously coloured 
tuft(Hl threads being woven and cut as is lU'cessary to produce 
the pattern in the carpet, line by line. These are then most 
exactly woven along with the ground texture of the carpet, 
the loom throwing in, say, three ground })icks, then the, 
coloured chenilh' pick, and then stoj>ping until the weaver 
has })laced this in ‘‘ registei* ” to continue exactly the jiattern 
already prijduced by the previous coloured chenille picks. 
Then the weaver touches a pedal and the loom again repeats 
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its four picks and stops. There are many varieties of these 
carpets, but such is the basis of structure and production of 
all. 

How long wire pile carpets— now called Brussels, Wilton 
and Tapestry carpets — have been in vogue is difficult to 
estimate. As the name “ Brussels ” indicates, the industry 
originally came to us from Flanders, probably being intro- 
duced into Wilton in the year 1770, the development of 
this industry, as in the case of many other industries, being 
due in part to the definite interference and endeavours of 
certain of our sovereigns, and in part to the Continental 
religious persecutions, p’hich drove skilled fugitives to our 
shores. Once here, it naturally spread, Glasgow, for 
example, probably receiving its carpet industry from Bristol 
by sea, just as Glasgow, in the early part of the nineteenl'^> 
century, came across the Cashmere shawl from its shipj(| |^ 
connection with the East, and evolved it as the “ P' 
shawl.” Of course, the first pile carpets were hand-w. .en, 
but in 1844 to 1850 the United States of America, always 
on the look-out for labour-saving contrivances, l)rought 
out the wire-loom (Bigelow’s), in which every motion, from 
the shedding to the insertion of the wire, was conti'olled 
, mechanically. l\ressrs. Crossley, of Halifax, soon took up 
this mechanism, and upon it built up a colossal concern. 
They w^ere later followed by others, who applied the 
mechanism in a variety of ways. The three varieties of 
this structure are formed as follows: — The true looped 
Brussels is formed by looping wires and distinct coloured 
threads (or “ frames ”) for every colour in each row length- 
wise of the carpet (see Fig. 66). These coloured threads 
are lifted over the wires by the Jacquard lifted as 
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m|uir(Ml for tho insertion of tho wires) to form the rrcjuirerl 
])attcrii. Tli(i Wilton carpet is but a cut “ Hriisst'ls ” with 
certain slij]flit modifications for exam]>lo, a slightly modified 
^i-ound structure', and a longer jjile. The taf)estiy carpet is 
produced from but one ]>ile vvar]>, this warp havm;; tlu' reejuire'd 
patte'rn jU’inte'd on it in a,n elon^^aP'd form, so that whrn 
th(^ take-u]) in w(‘a,vin;jj is e'lTected by tlw' wirein^ the ri^dd 
j)ro])ortions foi the true development of th<^ dessif^n will 
ri'sult. As would be cNp(‘c.t(*.d. the jmtte'rn is not' so clearly 
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de'liued as m the Diusm'Is or Wilton car]>cts, and <i> it doc^ 
not contain so much mat(*rial — liavinjt only one ])ilc warp 
in ])la.cc of se,v(*ra! — it js not so elastic and (jonsetpicntly 
does not wear so well. The greatest defect oi tlu* Hrusscls 
and tapestry carpets is the tendency to “ sprout,” lc., to 
have lonfif lengths of jule pulled out of them by a nail in a 
shoe, etc. This, of course, cannot occur with Axniinster or 
Wikon car|)ets ; hence their advantage. W i'll -woven 
Brussels carpets, however, should never develop this deh'ct 
with fair u^r^ie. An interesting fact about Bruss(‘ls, etc., 
carpets is that if they are not woven in squares they are 
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usually woven in widtlis of about, twenty-seven itiches, i.c., 
the old b’lemish ell and French aune. 

The tai)eKtry industry is dispersed over the country, 
being located ])rincii)ally in Halifax, (ilasgow, Bradford, 
Carlisle, and also being instituted as a “home industry’' 
in Ireland and England on very successful lines/ On 
the Continent the centres are Baris, Bioubaix, Berlin, 
Chemnitz, Crefeld and Vienna. Jn the United States, 
New York, 

The carpet industry is largely located at Halifax, 
Glasgow, and Kidderminster in this country. 

The materials consumed are silk (both net and spun), 
wool (chiefly English), mohair, hemp, jute, cotton ainH 
China grass. M 

The mill organization is naturally very elaborate i/]'' 
expensive. Messrs. John Crossley iV Sons, of 
example, have premises extending over many acr^ 
employ 6,000 work-])eople. They j)roduce Brussels, tt .^vjcry - 
and Axminster carpets. The firm of IHessrs. James 


Morton A. Co., of Carlisle, is remarkable chiefly because it 
has organized an elaborate Irish home industry for the 
production of many articles yet unproducible niechunically. 
There are some Iarg(! eaipef firms in the United States, and 
even Canada possesses a most progressive carpet manufacturing 
concern. 


The methods of production, etc., so clos(‘ly resemble the 
methods employed in the dress goods and stuffs industries 
thet little further need be added. The designing roonr is, 
of course, j)re-eniinently important. The art of tapestry 
carpet designing, for example, is that of using the limitations 
of structure and colour as bases for design. Again, the 



THE TAPEf^rRY»ANH CARPET INDITSTKY 


291 


mixing, printing, and fastening of the colours upon tli<; 
threads which are to form the pile in the carpet iiec(‘.ssarily 
elaiin most marked attention. In Axminster carpet designing 
rnultitudinoiis gradations of every conceivable colour are 
[•conveniently arranged for tlic designer to select from. 

Two branches, or ratlier sections, of the hixiile industry 
are not dealt with here, the hosiery industry and tlui 
ribbon, braid, and trimming industry. The hosiery 
industry lias now attained to such dimensions and is so 
intimately associahid with the stockinette frame and lace 
machim^ that it of necessity claims distinct treatment. 
The ribbon industry is so intimately connected with the 
bandolier, lace, and other narrow goods industry that it 
jalso is of sufticient imjiortaiice to be considered as a 
ipthict industry. 
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SILK TilJlOWlNa AND SPlNNINa 


Silk injiiiuffM^tiiro lias liatl ilie advaiiUi^^u (luriii<; Llu^ 
last ion or twolvo yoars of ooinpoioiit iiisiruoiioii in ilio 
ioolinology of ilio raw uiatorial and its nianijiulalion and 
woavinj^, iogetlier \Nitli its rolationsliips Lo otlior [(^xtilo 
libres. The ioclinioal (a)llo<;os of ^lanolioslor, J>radford,^A 
Leeds, and ^la(*('l(‘,sfield liavi* made special arran^eiiicntj^^l 
and facilities for understandin<j: llie whole lan^i'. of sti/^'^ f 
from the production of the cocoon to the weaving 
fabric. 

In the scope of a sin^dc^ cluipleJ’ it is imposs, 
attempt any detailed description of the va.rious pvoce-sstis 
of roarings reelin^L throwing; or spinnin;^ through which 
this interesting^ and beautiful iibre passiis before it is (itted 
for tlie manufaciurtir, and we must tberefore limit it to 
j^eneral characteristics, and especially as an impoi’tant 
article of commerce, to the increase and imjanvemeiit in 
character, with the causes which have led up to them. 

That there has been an expansion will be seen latei’ on 
by the lijijnres showing the export from the vaiious silk- 
lirodiicing countries, and the amount consunu'd by each 
great centre of manufacturiL As far as our own country 
is concerned there is a general impression that csilk weaving . 
has materially decreased, and the closing of throwing 
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mills and silk fn, dories in Derby, Notlinghain, Coventry, 
Maccdeslield, and other towns gives colour to this con- 
clusion. But it must be remembered that great economic 
changes have taken place during the last thirty to forty 
years. London is no longer the port of debarcation for 
the Eastern silks of (Uiinaand Japan, and conseciuently the 
centre of distrihution. The East India Company has ceased 
to hold r('S])onsil)ility for the importation and sale of our 
East Indian colony. The shipping companies now dis- 
emhark their silk freights at Genoa and Marseilles as well 
as London, and the Japanese send a large contingent 
of their production across the Eacilic to the American 
continent. J'hen, again, the evolution of tlui p( 
and its adaptation for silk W(iaving has practically 
the occu[)ation of the old hand-loom weaver, a 
introduction a single, operativ(*. will be producing 1 
the amount as in the former days by the older 
A general desire for cheap fabrics \\ithin the pure' ^ 
power of the million has greatly stimulated the ’mixed 
goods trade, and tli(‘, looms of Scotland, of Yorkshire, of 
Lancashire and other districts are now engaged in weaving 
this textile in combination with others, (^specially with 
mercerized cotton and wool. Jn sjunning and throw ing, by 
tli(! introduction of better reeled silks, and the adoi)tion of 
the faster running gravity spindle, the production has been 
nearly doubled, and consequently an equal weight is turned 
out with one half of the labour formerly employed. It is, of 
course, natural that those countries wdiere the raw material 
is indigenous will endeavour to take a first place, or where, as 
in the case of America (a self-contained contipept), a desire ^ 
is manifest to retain the supply of its peoph^ in every 
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departniont of imliistry in its own hands, which they now 
do hy a heavy protective tariflf. In addition to their own 
consninj)tion during recent years they have be(‘U abh‘- to export 
silk goods to England and other countries. 

The following table of imports of raw silk for America 
from the years 190;> to (uid of 1919 shows tlie immense 
expansion of the silk industry in this country : — 


Diiniij,' Yi'.'iix. 

Avt'ia^'o |)fi Aiiiiiun. 

I'MI-l j 

I'MU-I'MIS, j 

1 ittO'i-e.tia ' I'll t-iais, j 


AsilllKS . . . . ! 

StI.OOO 1 

191.0.70 

201,.")H0 > 29(),(i90 

994, 2 SO 

Eui'npc and Levant . | 

27,490 j 

99,420 1 

. 90.010' 4.99tt 1 

17.200 

'total 111 liali'S oT KKt 





Ills. 

ILDttO 1 

ITtMTO 

292,190 dttO.OfiO 

4n.4HO 


LVH tables which follow of tliii world's 

miction that Am(*rica. has tak(‘n some 80 per cent, of the 
^^^imount. The imports from Ja])an alone during th(‘ year 
lOIfniave reaclu'd 90 {>er cent, of that count r\'s (‘Xports. 

The following table (p. 290) of silk ]>roduction and export oi 
the various eoiintth^swlu'rc* sericulture is carried on <how clearly 
that the weight has heen ii(‘arly trebbsl during the last tifty 
y(‘ars. 

Thes(‘ iigui'es do not. include the silk used ])y the natives 
of (^hina, Japan or India. We know that they retain a very 
large coiitingimt of their reelings, both for home consumption 
and ex|)ort of fabriijs. 

^o^c.— This table re([uires some ex]>lanation. U}> to the 
year 1884 statistic, s of the countries of Euro]’ye were grouped 
wuth thost^gf the Levant and India. From that date up to 
the present time the yield in Italy, Austria and Hungary does 
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Tablk showino Silk Eroduction and Export of tfik 
Various CWntries (in Bales of 100 Lrs. kaoii). 


Dunn;' yoai-> 
Avciagi- pci 
aniiuiM 


1S7() to 1S71 
JS7r» to IS 71 ) 
ISS(» to ISS4 


I’luni 

Kiimpe. 


riiiiiii. 

1 

('.■intnii, .Inpan 

Tot ill. 


... . 

.■)C),9ir> 

19,110 14,400 

196,67.6 

7.S,;i20 


67,620 

17,666 17..660 

IS 1,066 

109,100 


6.4,0.60 

IH.OiMI 24.970 

21.6,610 

90,700 1 14.670 

i7,:f{o 

.66.7 1 .6 

23,200 4l,S(iO 

244,476 

9:i.:»so ! 17,760 


6S.6S6 

2S,6|0 6S,.606 

272,716 

9;{,S20 1 L*0.7(KI 

7. mo 

77.900 

4.4,.400 72.376 

.424,196 

9:{,:)2r. | ni.oir, 

6.0.70 

9(i.4:{6 

46.2S0 9S,6.40 

.4H7,666 

122,470' 60,760 

6.;{:{.7 

102. .400 

47,S96 140.460 

480,210 

ioi,r)S;{l .‘>:{,2o9 

X:>:VA 

121,0.46 

49.H39 223,141 

6.62.640 

70.092 i 20.790 

2.:t~4 

I04,9K4 

16,S16 312,796 

.667,832 


not {i|)|)('ar to have heeii materially increased, tlx* average 
yield per annum Iteing about 90,000 hales. The Levaiir 
(wliich includes Persia and (Vntral Asia), taking an averyrl 
lias more tlian doubled. The decrease during the 
JOIT) to 1919 may be attribiit(‘d to the effect of the V' , . 
Asia. Minor. India apptuirs to show a decline of a siiioii.i 
miture. IJ]) to 1<SS9 tln^ industry was j)rot(‘eted and fostiu'cd 
])y the control of the East India. (Jompany. Aft(‘r its with- 
drawal the d(u;rease has Iteen accentuated year Ity year, 
])artly owing to the a])athy of the native reelers, who |)referred 
to reel the coarser silks for native manufacture, hut mainlv 


through the closing of the Btmgal filatures workial hy Europi'au 
capitalists. Their mills were emjiloyed for the prodiuition of 
silk suitable for export to Europ(‘, but this proved unprofitable, 
owing to various economic conditions in India. Tln‘ country 
manufactures more silk than it produces, so that it is difficult 
to ascertain its full complement of production. The Chinese 
exports have doubled as compared with those of fifty years 
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ago. During th('. last twonty years they have remained 
stationary at about 100,000 bales ])cr annum. This only 
rti]>resents about one-half of their ])roduction ; they retain 
fully 1 00,000 bales for home (;onsum])tion. From 1885 to 19 1 9 
the Oantonese have doubled their exports, and by the esta])lish' 
ment of filatures under European managenumt th(\v have 
iin])roved the quality of the silk and increased tlui demand for 
it by Ameri(^jin and E\iroy)ean manufacturers. The greatest 
ex])aiision in the world’s ])roductiou is attributable to the 
.Ta))a.m‘S(‘, whieJi has more than trebled itself since the year 
1900. This is owing to their extended cidtivation ol the 
mullierry and th(‘ir improved methods of r(‘aring and retting. 
It is well known that their manufaeturing recjuirements have 

S ed in like ]>ro)>ortion. The home dmnand and th(‘ 
mture of fabih^s for export jirobahly account for the 
)U of at least one-third of the tot il yield in this country, 
cause of this increased output is not attributable to 
le department of its cidtivation and manipulation, 
ng tlie line AVestern science has been brought to bear, 
resulting in imyiroved methods of rearing, reeling, and 
spinning. In lhauee alone the production, which in th(‘ 
year 1820 reached 1,000,000 Ihs., trebled itself during the. 
following decade., and between the years 1810 and 1855 
the estimated yiroduction was 4,500,000 11)S. ; hut this 
excessiv(‘. development brought in its train serious con- 
sequences. 4’he large breeders brought millions of worms 
togehher in one room, an overcrowding which induced a 
8 ( 3 r 4 ous disease, and nearly threatened the extinction of the 
species throughout the whole of Southern Euroyie, and 
more or less^iii China and Japan, but without such serious 
results in these last-named countries. 

This c^tajtrophe, liowever, laid the foundation for greater 
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care in the breeding, and consequently for the better results 
of which we now reap the benefit. The whole world of 
sericulture will ever be indebted to M. Pasteur, who in the 
year 1865 w'as called to the rescue from what in France 
was looked upon as a national calamity. After two years of 
close study and experiment he succeeded in discovering 
and pointing out the cause of the malady and the means 
of prev(3nting it. In the first place, healthy seed was 
imported from Japan, the country which had least suffered, 
and so the practice of cross-breeding became universal, and 
amongst the best ‘'graineurs” to-day great care is exercised 
in the selection of th^e finest cocoons from the various ^ 
districts in order to establish new and healthy breeds of j:-, 
silkworms. The main remedy was efiected by the practiced 
of ‘‘ cellular iiKuibation,” viz., the examination of the 
under the micr()Sco])e, in order to ascertain if the 
tion of each moth had within it the source of infecti(;^^^w 
a future race. During the next ten years this metb 
inspection was adopted by every well-ordered establislhnent, ^ 
in every countiy, with the exception of tlui Chinese, who 
still suffer from year to year by tluur anti<piated methods 
both in quality and quantity of th(3 seasons’ yield. 

A book r(3cently publishe<l by ’MTjaurent <le L’Arbousset, 
of vMais, France, and translated from the kh’ench by 
l^lizabeth AVardlo, the talented daughter of the late 
Sir Thomas Wardle (President of the Silk Association of 
Great Britain and Ireland), reveals to \is other causes of 
improvement than those of interbreeding and microscoji^cal 
inspection, important as tliey are. The mulberry, the staple 
food of the Bmnhjj.v mori, is now cultivated un^d^r the most , 
methodical and improved conditions, and calculated to 
afford the highest degree of nutrition. By carc^hil, selection 
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of healthy stock plants, grafting, pruning, and judicious 
gathering of the leaves, especially during the earlier 
growth, a more succulent and nourishing food is obtained 
and the trees are better able to resist the fungoid diseases 
to which they are liable. Magnaneries (rearing sheds) are 
more carefully wanned and ventilated, the silkworms are 
better spaced, and by cleanliness and mild fumigations of sul- 
phurous acid or formalin the silkworms are ke])t fnHu- from 
the diseases to whicli they are liable, and conse<iuently spin 
a mor(i robust cocoon, better in quality and the thread of 
greater length. In marketing the cocoons tiny are classi- 
tied as to qiialily, and in stoving (with the object of Killing 
the chrvsalide) lu'w and im])roved a])paratiis has been 
Jntroduced. The ])easants in country districts adopt V(U*v 
wmitive means of eilecting tliis. One ]m'tbo<l described 
l^tliis wribw is that of subjecting them to the baking 
||j|||Bss. After the bread has been withdra.wn from tlu! 

s oven, the bare arm is thrust into it, and, if the 
boa^can be borne witliout scorching, tin* cocoons, placed 
in basKets, arc then inserted and retan. cd until the 
operator is satisliiid that life no longer remains. Steaming, 
]iowev(n’, gives a, mncli better quality of fibre, and in the 
absence of spi'cially-constructed apparatus tliiy are placed 
in basKets ovei‘ a cojipisr of l)oiling water, and after a 
complete desiccation sjjread out in the sun to dry 
thoroughly. 

By the adojition of the foregoing methods the net yield 
fr#m oiu! ounce of graine, or eggs, has during tlu*. last 
twenty-live or thirty years been trebled, and in many 
instances ^qpadru])led. It is now calculated that trom tliis 
incubation of lujaltby and carefully-selected seed sm’enty 
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kilos of cocoons may be produced, ilO per cent, ol which are^f 
of the first quality. But we pass on to note the sta^:jes by 
which the reeling has been brought up to its present 
standard of efficiency in the improvement of the n^eled silk 
and the lowered cost of production. In the year 1820 a 



I'h’ench inventor, (fensoul, of JJagiiols-sur-Lezti, introduced 
the process of heating the reeling basins by steam, which, 
by removing a separate oven for each basin and the driviiig 
of each reel separately by hand, tiuabled the workers to be 
placed nearer together on om^ tal)le, and by oiu' driving-wheel 
the whole lim*, of reels are worked by the same molive power. 
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In 18 ‘ 2 H }i further iuiproveiiionl was introdueed by Climnlxm, 
of Abiis, which esiahlished the universal use of the Crois- 
Hure which iin])rovod the reeled threads hy making them 
rounder and nion^ compact and homoj^eneous. (hiforin- 
nately this a})paratus j^ave rise to wdiat is known in the 
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ti’ado as ‘‘mariages,” or double threads running parallel 
together on tin; reel and needing se])aration in the winding 
and throwing of the silk lor manufacture, ^riiis has been 
olfViated hy th(' use of th(‘, Tavalettecroissuri', each separate 
thread being crossed upon itself (with thirty to forty turns), 
and is carvi^d singly by means of small pulleys on to the 
reel. The waste material on the outside of the cocoon, 
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wliicli liad Lo be removed by ilie wliisldnp; of a brush in a 
separate liasin, and l>y band, is now effected by automatic 
macbinery. The work of one reeler was under the older 
system conlined to two sets of eocoons. (From four to six 
threads or cocoons are combined to make one thread of 
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raw silk.) Now, under the new conditions, Uie reeler can 
easily su2)erintend in one enlarged basin from four to six 
sets of cocoons, in addition to w^hich the reels can be driven 
faster. In spite of the mechanical improvements in fhe 
apparatus used, it is necessary that great care should be 
exercised in order to avoid those defects which would impair 
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Tig. To.— B ouchons or Slubs. 
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the quiility or cMUse trouble iii the weaving. A few of iho 
iuiiiorfcetioiis to which bad reeling gives rise may be indi- 
cated. /' First, Thnrt gives the appearance of short fibres 
thrown olT from the main continuous thread. This was 
attributed formerly to the silkworm spinning an imperfect 
have on the cocoon : but while there may be variation in 
thickness between the tii’st and last end of the spun thread, 
there is no mechanical imj)erfection caused naturally. The 
microsco])(i reveals to us the n'al ca.use, either freqiu'iit and 
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imperfect joinings as the cocoons become attached to tlui 
main thread, or still more by an uneven tem})era,ture in the 
reeling basin (which should b(‘ kept at 1 JO to IbO'-' Fahr.), 
thus cauvsing the silk to unwind itself unevenly and ca,usc 
small loops. Secondly, Foul or Sluhs (bouchons) ])reseiit 
a more aggravated form of the above-mimed defect, the 
layers of the thn^ad on tlui cocoon coming ofT ru /autsr. 
There are few j)roductions actually fnse from this fault, and 
the native reelers of China silks are so careless that it is 
only by passing the threa<l tln-ough cleaners (steel blades 
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closed so as to sto]> the boiiclions) that their productions 
can be utilized Thirdly, Knols are nnav()i(labl(\ but by 
careful oversight they may be minimized, and under any 
circumstances be m^atly made. Fourthly, Jiar('^ imi)erfectly 
joined together give the thread an open and soft ap})ear- 


1' It:. 

# 

, anco. Tlu*y are mainl^ cause(l duiing ji haiipnraiy 
»toppag(^ of llu* rtading, sonu‘ of (lu^ threads fi'om tlu^ 
jM|coon drying mor(‘ (juiekly than ollu-rs. Kifthlx, IV/Z/^'s* 
|k|'^tb(; llire:id a, ciepe 1 app(‘araiK‘e. and aia* })rodiiced by 
Bjj|||K^;ea.kage of omi of (he haves when it is nece.^sary to 
tlu' number .)f iIh' cocoons. 
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Most of these faults may be discerned ^^lIile the silk is 
in the raw or gum state. During the last decade a much 
graver im])erf(*ction (but not new by any means) has formed 
the* subject of controversy aaiiongst experts. It is known 
as silk louse, causing an appearance when discharged or 

dyed and ^(?und on the bobbin of specks of dust. When 
T. X 
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placed under a hi^di power of the microBCope these minute 
specks present the ai)pearance of numberless fibrils indi- 
cating a rupture and division of the original have and brin 
of the silk. " It has been variously attributed to (a) the use 
of disinfectants in the rearing sheds chemically disin- 



Fig. 77. * Silk-louRo. 

lograting the fibre; (h) an imperfect croissure, the reeler 
failing to give the necessary number of turns of the thread 
upo]i its('lf : (r) undue punishment in the process of 
boiling, dyeing, or lustreing, specially the latter. So far 
no satisfact()ry solution has been arrived at, and it is most 
probable that it may arise from a combination of causes. 
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Certain it is that some classes of silk are more liable to it 
than others, and as the appearance is only spasmodic there 
may he certain seasons and coiintiies where the conditions 
of rearin^^ and reeliiif; are unfavourable. 

In tln^ production of a good weaving thread it is equally 
nec(!j*saiT that the throwster should take ev(‘ry precaution 
either to minimi/a^ hy cleaning the reeling defects of the raw 
silk, or, by good machiiuirv and careful o\ersiglit in his owoi 
processes, avoid the production of faults incidental to this 
particular proca'ss of manipidation. A brief rrHunir of tlu^ 
work of tlui throw si(‘r may not he out of place. In dealing 
with the raw silk for throwing, tlm trc^atment should ))e 
varied according to (puility. The hlatun* silks of Italy, 
Lchina, and .lapan ar(i fairly even in size, and the skeins are 
Pilled in haidcs suihul for winding without separation,* 
j^.»^eas thos(! of China reeled by the natives come, to us iii 
fljUjB's or hanks weighing nearly 1 lh.,and require very care- 
^?BRiplitting into smalha- hanks. They are usually so uneven 
in tnF thickness of tlu‘ thread that it is n“'-essarv to classify 
them, otherwis(^ the union of a. thick a!id thin thread 
producers in tlu' two-folded tram or orga,nzine .i loopy or 
crinkled a,p])earance, which is a. s(U’ious fault and drawback 
to the aftei -proc('SS('s in tlu*. manufacture. A\here the silk 
in rc'eling has toiu'lu'd tlu* arius of the re(‘l a hard gum is 
forme<l, and j’equires carefully softening (‘ither hy the 
immersion of that portion of the skein in a softening emulsion 
or by a complete washing of the hulk in a soap bath. The 
cosj^of winding varies according to the method of reeling. 
Those silks produced in well-eciuipped filatures or factories 
are as nearly perfect as j)ossible, and one worker can 
superintend 80 to 100 spindles, the bobbin taking up 
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50 metres per minute, as against inferior native silks 20 to 
25 spindles, and the waste caused by tliese latter is much 
lieavier. In the next process of cleaning equal care is 
re(pured,so that all the l^ouclions or foul may be eliminated, 
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and where tied out a neat knot should be made and the ends 
cut otf sliortly. The process of douliling two or more threads 
together requires equal vigilance. Two ends of equaj size 
should be run together, the tensions on eacdi carefully 
adjusted, and each thread passed tlirongh an automatic 
taller or eye, so that one thread cannot pass on to the 
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bobbin singly. In spinning, doubling, and twisting marked 
imj ruveinents Lave been cliected in laic ;\earK by better and 
taster-running maibinery. The llitson spinning mill, 
introduced in 18H0, with a separate cotton band for each 
spindle driven by a, cylinder, was only capable of doing 



Pl(.. so.- Tlirowing Mill, 'rwiHtm;; and ( nJubiiH'd, 

efbictive work at 11,000 to d,000 re\olutions of tlie s[)in(llo 
})er minute. 

Tbk) bus b(!en superseded by macbinery fuiaiished with 
gravity si)indles, wbicb are successfully run at the ratv of 
10,000 to 16,000 revolutions per minute. Tn addition to this 
advantage the machine only lakes up iwo-thirdji of the room 
of the older tyi>e. in some cases the final twist is given 
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on the same tyj)e of macliine and the doubled tliread reeled 
on a separate reeling maeliine with antoinatic sto]) motion, 
so that each skein is of an equal length. The more 
modern and equally effective method is to twist and n^el at 
the same time. A twisting frame built on similar lines to 
that of the spinning mill, hut with reels instead of take-up 
bobbins can he driven at the rate of 11,500 revolutions per 
minute. The latest American machine jwovides for si)in- 
ning, douhlijig, and twisting in one process, hut so far it 
can only he adai)ted for the most i>crfect1y reeled silks of 
Italy and Japan of 11 to It) d(‘.niers in the thread. Einer 
reeled silks and those^of a commoner description would 
suffer in quality, and little if any advantage in cost would 
be gained by the adoption of so coirjpounding the processey 
One of the greatest advantages of late years has been gain* 
by the process of cross-reeling known as the Grant system, 
by w’hich a length of 5,000 to 10,000 yards can be reeled in 
one skein. The silk is kept straighter in the dyeing |)rocess, 
and the ^Yinding is facilitated, and at one-half of the 
original cost as against the smaller hanks. 

As compared with other textib^s made froni short fibres, 
net silk has distinctive qualities which give to it a pn^cedence 
over them. I'or instance, its natural brilliancy, trans- 
parency, and absorbent character enables the dyer to 
incorporate with it tannic acids or metallic salts, in some 
cases up to double its original weight, and increasing bulk 
up to 50 to 100 per cent., without in any way imj^airing its 
natural lustre, and at the same time so incorporating itself 
as i)art of the original thread that it is ])erfectly homo- 
geneous, and not, as in some cases, appearing as lvl accretion 
outside of tlie thread or libre itself. The properties of 
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elasticity and tenacity are also important factors, specially 
for weaving in the single thread without twist, as also 
those combinations wliere a strain is put upon the warp 
threads to produce certain effects. 

Careful assays are made in what is known as condition- 
ing houses to ensure to the buyer an article specially suited 
to his purpose. The absorbent quality admits of too great 
a percentage of moisture or water being incor])orated with 
it when sold, in fact, up to 5 or ti percent, over the normal, 
without in any way ai)pearing fraudulent. To arrive at a 
fair condition 500 or 600 grammes are carefully weighed, 
and afterwards enclosed for fifteen ^or twenty minutes in a 
specially constructed apparatus or oven, superheated up to 
^bout 000'^ 1^’ahr. It is then weighed and 11 per cent, 
^dded to the absolute dry weight, by which p(ucontag(^ 
it is supposed thatw’e arrive at the proper normal condition. 
A further test is added by decrcusage or boiling off the gum 
in order to ascertaiji that no undue weighting of fatty or 
other matter has been added to increase :he, weight of silk 
beyond its original condition in the raw stale. The iavelle, 
or winding test, is only applied in the case of r.iw silk as 
a guide to the silk flirowster. Five hanks are ])laced on 
the winding swifts and run for two hours at Ihe ra,te of 
50 metres per minute on the take-up bobbin. The number 
of breakages during the time are carefully tabulated, and 
the resultant divided into 800 gives the numb(‘r of spindles 
one worker can su])erintend. Tests for elasticity and tenacity 
ar(f conducted on a special apparatus called the sorimetre. 
The normal amount of elasticity indicating a silk of good 
quality sliQuld not be less than 25 per cent, of its length. 
Tenacity or amount of strain before breakage is considcu’ed 
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to be satisbietory if the weight borne in grammes is four 
times the denier or size of the thread. For example, a 
10-12 denier raw silk should bear a strain of 40-50 
grammes in weight (equivalent to about 1 oz. avoirdupois), 
and so on in proportion with all other sizes. 

Assays for size or count are made by reeling 20 skeins 
of a given length, weighing each separately, which will 
indicate the range or variation, and thus showing the com- 
parative evenness of the thread, or otherwise, and by 
striking a mean average of the totals the size or count will 
be ascertained, by which calculations may ))e built up for 
the manufacturer. An yiternational metric count has been 
established in all silk centres as approved by the Paris 
Convention of IDOO. This is based upon the metre for 
length, and the gramme for the weight — c.//., No. 100(^ 
means that 100 metres will weigh one gramme. What is 
known as the legal count for raw and thrown silks is based 
upon the number of half decigrammes per 150 metres, ami 
orresponds very luiarly to the Ibrnuir method of weighing 
by the denier (3th'. deniers = 1 dram avoirdupois) per 476 
metres. The nomenclature for counts and sizes for various 
textiles is so varicHl that the student or manufacturer 
^ should furnish liinisolf with the small handbook of “Inter- 
national Yam Tables,” compiled and arranged by I^IcLennan, 
LUair A Co., of Glasgow, an absolutely indispensable office 
guide. 

The qii(‘stioii of the quality of the silks of various countries 
is varied accoiding to climate, soil, rearing and reeling, etc., 
and can only be assessed by actual practice and by some 
knowledge of tlie, x arioiis fal.u'ics for which they are best suited. 
The question of grading and c1k»j>s varies in the course of a 
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ivw yoars. Th(‘y art' subject to expert inspection at the time 
of shijiinent, and tliose chops in favour at one. period may 
take a secondary ]>()sition later on. A few details res])ectin^ 
the various silks now im]>()rt(‘'l may ])rov(‘ of inten‘st. 

French and Italian.- These are mostly yellow ^iim silks ; in 
fact, tin* yellow breeds of cocoons are indipjenous, and th(^ 
of tin* white races of the Far East, after a f(*w y(^ars’ })r(*(^din^, 
revert to the. yellow silks ])eculiar to these countri(*s. They 
are usually reeled iii st<K*k sizes, from 91 1 to M-lli (h'liiers, 
for the purpose of throwiiij^, and for sj>(*cial artieh^s from 
10-18 u]) to -10-.T2 (huiiers and even coarser, according to the. 
number of cocoons reeh;d to^^n'ther to ])rodu('.(‘ tin* desired 
size, (treat c.are is exercised by the reel(‘r to pj’odma* a W(‘1I- 
fonned and even thread. In this respect tin* (Continental 
silks have secured a premi<*r ])!ac(‘ in the world’s markets,^ 
'riu^ raii^e of size in a t(*st of tw<‘nty skeins of 520 yards (>acli, 
by tlu* Milan olticial regulations, allow a range betw(‘en the 
linest and C()ars(‘st thn*ads of the following variations : - 

Silks of 8-9 to 1 ]-lt) d(*nler raws a range of 5 (haiiers. those, 
of 18 t-o 21 deniers a rang(* of (» ileni(*rs, and those of 20 to K) 
denier silks a. raiig<‘ of 7 to 9 deniers. ()w ing to tlu* di'pi'inh'uen 
]>laced on these silks for evenness and cleanness, tin* liiu'i' 
deniers, 8-9 u]> to M-IO d<‘niers, an* speciallv suiOM for 
orgaiizim^ and trams, suitabh* lor the* manula.cture of broad 
goods, glove fabrics, and for the l)est hosi(*ry webs. The. 
coarser reelings, 18-20 to 2)0-52 deniers, find a n*.ady market 
for weaving in the raw', and for m*t.work in silk lac.e. The, 
loss in boiling is about 25 per (!(‘nt., but great, care, is requii^^d 
ill discharging the gum. 0) avoid llnHim*ss or silk louse, to 
which they are somewhat liabh* if tiver-boiled. IJy a careful 
selection of cocoons, raws can be produced of dillerent gradings 




FiCf. 8.‘3. — Interior of Kashmir Keeling Factory. 
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of quality and excellence. Tliey are iiHually sold in the 
following degrees of merit:— (1) Exquis ; (2) extra: {^) 
classic ; (4) ordinary or sublime. The Ereiicli riM'lers and 
throwsters grade their prodi'ctions as follows :- (1) Extra; 
(2j first order: (3) s(‘cond order, and (1) ordlnatir. Tht‘ 
]»rodu(;tions of Spain, Austria and Hungary may bt* (4a"^s(‘d 
with tliose of Kranc(‘ and Italy. 

Syrian, Brutian, Bulgarian and Persian silks are also 
carefully re(*led, and in similar sizes to those befort' named. 
They are, however, of a softer nature and not so w(41 1'tted lor 
organzines as for tram silks. The coarsen* sizes of Bulgarian 
and Brutian silks are largely us(‘d for weaving in the gum 
(single. thr(‘a,d). The finer siz<*s of Ib'utian and Persian silks, 
doubled t wo or thnn* fold, make an excelhnit W(‘ft when twiste'd 
heavily for the manufacture of crr*|H‘ di* ehim‘. 

Kashmir Silk. -In the industry in this province* was 
non-existent. The Durbar of Kashmir inviteel Sir Theunas 
Wardle to initiate and deve*lo]) sericulture* in the district of 
Sringar, and ur)de*r his superinte‘ndence healthv silkweu’m eggs 
wen*e obtainenl freun Europe anel distribute‘el tei semie* 15,000 
village he)usehe)lders for the* re*aring and cultivatiem of tin* 
mulberry. Taking an average e)f fmir pe‘rse>ns Ibr e*ae‘h 
family, it wemlel appe^ar that seime* fiO.OOO tee 70.000 jan-seens 
might be preifitably employe*el. Factemie's we*re‘ (‘stablisheMl 
for the reeling, and some 2fM) hand looms we*re^ sent e>ut fre)m 
this country for the weaving e)f fabrics, ponge*e*s anel corahs, 
similar to those wovem in Japan. In the; year 1900 the annual 
production e)f raw silk was 57,921 lbs., and by the ye'ar 
it had ineireaseel to 190,750 lbs., and at that ])e*rie)d there was 
every probability of a progressive increase. It has to be; 
regretted that these expectations have not been fulfilled. 
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During the last ten years, owing to e.conoinie and other causes, 
the production lias declined, and the 2(M) looms for wi^aving 
now remain idle. The owners found it im])o.ssi})le to e,om])et(‘ 
with the better methods of the Jajianese. The seed is im- 
})orted annually from Rurope, the race is univoltine. viz., 
one^cro]) ])er annum, and the silk is much su[)erior to tin* 
ordinary silks of India, from the eastern provinces. TteehMl 
in 10-12, 12-15 and 10-20 denier sizes, ther(‘ is a ready market 
l)oth on the Contim‘nt and in our own country for this class of 
silk for many juirposes of mamifacture. Then‘ is anotliiT 
district in tin* Punjauli ])rodueing silk of a similar character, 
and und(‘r lik<‘ conditions, which is being impoiD'd und(‘r the 
title of " Soondor." 'Phis has iMsn/testtMi a.nd approvisl by 
manufaidurers, and an increase of ])roduc.tion and expin'ts 
would be w'(‘leom(sl. 

Bengal Silks. The (‘X[)orts of the silk ])rodu(u*d fiom the 
multi voltine species (three crops or bunds per annum) have 
declined to a negligible (piantity, as will be seen from tin* 
tables ]>reviously given. The cultivation of the imdberry 
and of sericultun* w'as principally carried om in the provinces 
Mysore, Madras, Bengal and Assam. Tlanv arc* somi* 
])ossibilith‘s of d(*velo])m(*nt in the first-nam(*d, but so bn this 
ho])e has prov(‘d disappointing from various caus(‘s. Tin* 
declim; in the industry has been attributed to various causes.* 
An im])ortant factor in tin* situation has been tin* withdraw^al 
of Euro])ean firms from the trade in recent years. Formerly 
these firms bought the cocoons, reeled the silk in filaturi^s, and 
ex^iorted the raw silk and waste. With the fall in price for 
raw silk (before the wnar) the prices offered by tlu^ firms for 
cocoons did not attract sufficient supplies to keep the filatures 
employed* and tlu* majority have been closed down. The 
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silks sold in Eurojx' as Surdalis, lianf^amatty Banjettv, 
(lonatea, etc., have entirely disappeared, and those called 
Rose filatures are the only ones known in the English market. 
Other factors have contributed to this decline : (a) excessive 
rent-charges for mulberry lands ; (/>) deg(‘n(U’atit)u and disease 
of the worms ; (c) com])etition of otlu'r crops : {(/) want of 
coliesion and organization f)y the native rec'lei's. who are 
mostly ill tlie hands of middlemen. To these may be added a 
deterioration in tin* (juality and winding of these silks as 
(^vHiipaiiMl with tile beth*r productions of Japan, 'fliere is a. 
good demand for silk for native maniifactun'. Init tli(‘ native 
reelings are b(‘ing gradually dis|)laced by importations of raw 
silk of low grades fnmi'tJiina and (’anton. Tin* silks of the 
Bengal ]m)vin(a‘s heing niiiltivoltine tln^ have is liner, an<l the 
co(5oon only yields two-thirds the hmgth ol the iinivoltine' 
species. The thread is softer and more liable to diini]), 
but it yields a bright thread after dvadng, and is (‘specially 
suitabh*. for weft, particularly wlnm dyt*fl black or dark 
colours. The sizes run from 10 - 1 1 . 12-10 up to 10-20 deniers. 

Cantons. Qdiese also are the produei* of muhivoltint^^. 
The dantoiiese prodiUM* six crops annually. The silk is similar 
in (jUality to tin* Beiigals. luit as the (Colour is a eivamy whib* 
it lends itself to tin* lighter shades of colouring, and when 
W(dl reehal is adapted ])articularly for civjx*- de chine W(*ft. 
h'ormerly tliis silk was all in the hands of native reiders, and 
very coarse and unev(*n. European enterprise* and capital 
has established numberless hlatures, and both ffu* size, 
evenness and good winding j)rop(‘rti(‘s they {X)mj)ete favour- 
ably with tin* filature silks of other countri(‘s. There are still 
some native reeled silks, but even th(*se are of much better 
type than the exjiortations of twenty years ag(V They are 
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mostly used for native manufacture and export to India. 
Only the best chops are now im])orte(l for European and 
American consumption. 

From a recent ins[>ection (1018-1919) the following may he 
taken as typical grades of these sillvs. They are reeled from 
10-12* to 10-20 deniers: — 


Exim. 

Anchor Chop. 

Ijooiif? Wiiij*;. 

Tsiing Wai 
Wing (Mieong Sing. 

Petit Extra. 

Choo (^.hnng AVo. 

Chun Sun Hung. 

Dragon and Ph<xMii\. 
King Seng. 

fie fit Star, 

Fat Keo. 

Hail King Lon. 

Kwong 'I’ong Yuen. 

Kuni lain 'J'ai '■ Kit long.' 


Best [. 

Chung Wo Hing. 

Hip Kee. 

Kwong Iliiig Wo. 
Moon (Mioj). 

finn 1. 

Airship. 

*11 ip JjUU. 

KANong Min Lun. 
AVing Cheung Lun. 

F'/r.s/ Onler. 
llainhoo Cliop. 

Mm Jnin. 

Kwong Wo Clung. 
AA'ing (dieong Hang. 


As thert‘ ai‘(‘ sonu' 2)(I0 dillen'iit chops in *!ic iin|t()rters list 
those naitu'd are not given as being th(‘ best in c.ndi gr.ule, but 
only typical of many otlnu’s. Plnu'e art*, still oii' m* two 
im])orted as Dest III., viz., Soey Wo Cheongand Y(‘(* AVo lang, 
but as these native lilatun^s arc subject to mariagi's oi 
double threads, caused by an im])erfcct croisure, and are wry 
uneven in size they can only be used lor lower-class goods. 

“Japans.”— These silks now form the mo.st ini])ortant 
factor in American and European imports. 1 h(‘y ha\m vastly 
improved during the last fifteen or twenty years, both lor 
colour, reeling and general characteristics. They are good 
winding, fay’^y even, firm in the thread, and capable of being 
dyed and weighted (csi)ecially in colours) to double tlieir 
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originfil weij^ht (vvlien boiW oil). The sizes used for throwing 
in organzines and trams run from 8-9 to 14- 1 G deniers. During 
recent years the Japanese laid themselves out for the coarser 
deniers, suitable for weaving in the single thread. In the best 
grades we are able to import lG-18, 18-20 and even heavier 
sizes by arrangement with the importer. The American 
manufacturers use these silks more extensiv(‘ly than those of 
any other jnovirice or country. One special advantage of 
Japan silks is the Jiiinimiim jiereentage of gum. The loss in 
boiling of the white silks does not exceed 18 \o 20 percent., 
as against European silks and those of India and Canton 
25 per cent. ^ 

During the season 1918-1919 the Japanese im]>orted Euro- ^ 
pean seed of the yellow races for special reeling. They pro- 
duced a clean, bi'glit and even thr(‘.ad of good tenacity and 
lustre, but as the loss in boiling was some 5 or G per cent, more 
than the white silk, and the colour not so well ada]>ted for 
light shades, they could only command a secondary place in 
the market. 

Although the production comes Irom various provinces, the 
bulk of our imports are named under the generic term of 
Sinchus, There are nuriiberlcss (Giops (the trade mark of the 
reelers), but the classification for (piality is much simpler, 
viz., Extras : Best!. : No. 1 : 1-U : IJ : 11-2 : Best II. The 
last two are only used in small (piantities for European con- 
sumption ; they are probably retained by the Japanese for 
home consumption. Another class of Japan filatures are the 
Kakedahsy reeled in sizes 10-12 to 14-16 denier, and are grciped 
as follows : -- 

Extra . . . Kakedah Kimpai. Kintoke. 

No. 1 . . . Hime Daruma ; Kinko. 
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No. ]i 

. “ One horse head.” 

No. 2^ 

“ Two liorse heads.” 

No. 3 . 

. “ Three horse heads.” 

No. 4 . 

. Botan, Nivatori, Okame. 


Tliere are also from another district the Zamjouris, in 
different grades from a No. 1 to No. 2, })ut these are seldom on 
the market- here. The })est are reeled for America, and 
probably the lower grades are retained for hom(5 Cf)nsumption. 
They ar(^ good white, boney silk, but not so W(dl reeled as tins 
Sinehus and Kakedalis. 

China Silks cov(‘-r so wide an area, and ar(‘. so vari(‘d in 
quality so that only gcmeral details ^can be included in this 
\ chapter, so must ciontine our description by a general classifi- 
cation. 

(1) Simm TIu'se are produced in I’actorief^ 

in the neighl)ourho()d or within a fifty-mih^ radius of Shanghai. 
They are reeled under European supervision and with the best 
methods of reeling, and, theridbre, take a first pla(t(* in the 
world’s ])roductions. They are white in colour, oven in size, 
of a tirin texture, and possess great tensile strength, so that for 
some branches of manufacture they are preferred to any other 
silk, and coiis('(jucntly command very high prices. Tlu^ 
shipments of this class of Chinas during 19 1 <S- 19 19 season ^ 
reached fully ‘10,000 bales, of which America, took f\dly two- 
thirds of the exports. The sizes reeled run from 9-10 to 14-10 
deniers for the purposes of throwing in organzine and tram, 
and ht‘avi(n‘ sizes, 10-18 to 24-20 deniers, for weaving pui’poses 
in tl|e single thread. 

From a rticemt tjiblc of classifications by a Ifrencli importer 
we find the^e,are some 200 available “ chops ” from which we 
select only a few typical ones from each grade. 

Y 2 
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Exira. 


Siu (-hoii^ 

Soey Jilin 

Yang . 

Ewo QIaluro . 
Young Tai 

Factory 

Anchor . 

Kayon d'or 

E.W.F. . 

Double Deer . 

. ILxtra 1 and 2 
I'iXtra 1 and 2 
Extra I and 2 
. Best 1 and 2 
No. 1, 2 and 3 

I\r. Loncgri . 

Yah 11 a 

Yikmi liiin 
(iro Sang 

Cliuc Len 

Petit Extra. 

M.T). . 

W.T.K. 

(Vniaure 

Bayard . 

(Jold MullH'iry Leaves 

. Extra 1 and 2 
I'iXtra 1 and 2 
Extra 1 and 2 
J^iXtra 1 and 2 
. Extra 1 and 2 

Yal Woo 
'Ping Yuo 

Yah Sin Lhong 
('hun Jjiung . 
Shanghai Ihlat UK' . 

liesl No. I. 
(o^raniuin 

I’asti'ur 

Billiken 

Flying lii/.ards 

Pegasus 

Extra 1 and 2 
Fxtra 1 and 2 
J'Lxtra 1 and 2 
. L 2 and 3 
Fxtra I and 2 

Y"at K('0 
\'u(' Jilin 

Lh* lii'ii 

r'liui' Leu 

Yuo Kong 

Yo. J. 

\rhulus 

Jh*a<*ock 

I'n'ld ^larshal 

Fountain 

('anu'lia 

. Fxtra 1 and 2 
Fxtra 1 and 2 
Fxtra 1 and 2 
Ex'tra 1 and 2 
. Extra 1 and 2 

YYing Tai 

Sin Kee 
liun Kvv 

Tmiii X(‘c, 

Tkuii Chong . 

Best Xo. 2. 

tiold (ilohe 
(UirNsantlnunum 

Airship . 

I'^lower Boat . 

Lotus . 

. 1,2 and 3 

I'iXtra 1 and 2 
I^xtra 1 and 2 
. Fxtra 1 and 2 
Jiixtra 1 and 2 

M. Dcnogri . 
lioe (^hong , 

Y^uen Chong . 

Pac) Kco 

YYin Kong . 

Xo. 2. 

Rose 

Cold Dollar . 
lily 

Traniear 

Carnation 

. Extra 1 dhd 2 

Fxtra 1 and 2 
. Extra 1 and 2 

. tVxtra 1 and 2 

. Extra 1 and 2 
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Bent 3. 


Shing Wall . 

Double Fish and Dragon 

1 and 2 

Yer Keo 

Begonia. 

Extra 1 

Sin Eun 

S.L. 

Extra 1 

Soo King 

Woman and Loom . 

Extra 1 

Chang Lun 

'JVamcar 

Extra 1 


" ,Yo. 3 Ordinani ' 


Yung Sin Chong 

Moon . . . . 

Extra 1 

Tseng Lun 

Gold Flying Tiger 

Extra 1 

Pao Woo 

Lighthouse 

1 and 2 

Sing Dah 

Flying Girl 

1 and 2 

YangliCC' 

Shejiherd 

1 ami 2 

(2) “ AV-m'/.s*.”- 

-Thes(‘ silks an* verv similar to the native 

reeled silks, both a 

s to size and (jualit v. In 1 

ict, they are the 

native-reeled silks. 

wound by (hinese A’omen, 

(•.an*fullv eh ‘a red 

of some of the bouchons or foul by passing through the lingers. 

and by riM’eeJiug a 

better winding is obtaine<l 

. The finer and 

better jiortions of tlu' silk are sidecti'd for this 

purpose, so that 


part of the cost of manipulation in silk-tliro\Mn<^ is savod, a 
great desideratum at tlie. presiuit tini(‘, with th<‘ increased cosi 
of labour and shorter hours of working. Th<‘ (‘xports during 
the last fifteen years have inrreasiHl nia(eii<.ily. From iin- 
j)orteTa’ statistics in the season 1911- DJI 5 the\ KMclied fully 
20,000 bales, more than four times the (piantitv' ot the ordimuy 
native reels. The size in the raw is about 20 to 2t denim's. 

To meet the American demand during the last tiftinm years • 
there has been an improveimuit in the style oi reeling on 
the “ Grant System,” and these are mnv ex]H)rtcd f)oth to 
Europe and America under the designation “ New Style.” 
We append a list of a few of the best choj)s ; — 
iVrjc Stfflc. 

May Hun Ye. . Gold Kagle and (JloJ)c . Kxtra 1 and 2 

» MayHunY«.» . Gold Eagle and Bell . Extra 1 and 2 

May Hun Ye. . Gold Swan . . . E.xtra 1 and 2 
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Tin . . Gold 'ITipod . . Extra 1 and 2 

E wo Yung Gold Double Deer . Extra 1 and 2 

Gee Kee , . (told Incense Burner . Extra 1 and 2 

Yin Kee . Gold Kangaroo . Extra 1 and 2 

Mai Jlun Yu(‘ Blue Dragon . . . Extra 1 sirni 2 

(■hn Vun Mur Blue Monster . Extra 1 and 2 

Gee < 'liong Jjiing . Star and Stripes . . 1,2 and 3 

Th(5 f)rdiniii’v reel Tsatl(‘e re-recls are still imported largely ; 
these arc not (!ross-re<‘1ed, therefore not so fre(‘ winding, but 
they possess almost e([ual merit in quality as those of the 
“ N(‘W style/’ Th(‘V an* classified as follows : - 


lirsl F'mv Sia\ 


Crown, 1, 2. 3. 

f 

Itunning I)et‘r. 1, 2, 3. 

(iold Winding Mill, 1 
Gold Scal(*, 1, 2, 3. 

, 2, .3. 

JU-M. 

Cloml llors(‘, 1, 2, 3. 

Pegasus, 1, 2, 3. 


Bed Fish, 1. 2, 3. 

BnITalo, A, B, (’. 


(Jrasshopper, A, B, C. 

Red Dragon, J, 2, 3. 


Black Horse, 1, 2, 3. 

Bicycle, A. B, C. 

Yo. 1. 

l)(»ubl<* Ited Eagle. 1. 2, 1 

(3oud and Dragon, 1 

, 2, 3. 

Gold Fish, ], 2, 3. 

Blue Lion, 1, 2, 3. 


Blue Bh(‘asant, 1, 2, 3. 

See May Zien, 1, 2, 3 

Yo. 2. 


Gold Eagle, 1, 2, 3, 


Alerinaid, 1, 2, 3. 

St)inning, 1, 2, 3. 


Three, .hisses, 1, 2, 3. 

Fan, Extra 1 and 2. 


Magpie, 1, 2. 3. 

Sze She Shing. 


Small ButTalo, 1 and 2. 

Sze She Sliing. 


SSS Mars, 1 and 2. 

( diun Tai. 


(told Alars, 1 and 2. 

Show Yin Kee. 


Mars, 1 and 2. 

Y ee Fong Z u n g K ee. 


(Jold Unicorn, 1 and 2. 

Hung Kee. 

A"o. 3. 

Double Crabs, 1 and 2. 

Kung Kee. 


Mars, 1. 
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The silks from the Harnni didrlcl (tlie size of which is much 
finer than the Tsatlces) arc also re-reclcd both in the new 
style and ordinary method. The colour of these silks is not 
so bright as those reeled from the Tsath'e disti ict. T1 h‘. follow- 
ing are a few of the clio])s imported : — 


Hmt, 


Tuck Sliing . 

. Yellow T*ea(*,oek 

Extra 1 and 2 

3hek Shi 11 g . 

hliie Peaeoek 

. Extra 1 and 2 

K. 'i’suii 

(}o]{{ PheasanI 

Extra 1 and 2 

K. Tsiiii 

Blue ]*lHia.->;ant 

Extra 1 and 2 

K. Tsun 

Music . 

Extra 1 and 2 

E. Tsun 

Races 

Extra I and 2 

Tuck Kee 

'rhr(M‘ Slars , 

t'xira 1 and 2 

I’liek Kee 


. Extra land 2 


\o. 1 . 

'King Woo . . (Jreeii Flunj; St.oik 1,2,8 

Woo Nien Zuiiu; . Chinese N'olnnleer . . Kxfra 1 and 2 


(3) “ N alive Beeh .'' — In lln^ white silks tlicse include 


Tsatlces, Kahings, ifainins and llangeliows. Owing to the 
selection of the liest and finest hanks for •veling ])urposes 
the whiti^ native silks of China liave greatly ditiu'iorated. Tiie 
increased cost of labour has cau^ed a ])reference to be givnm 
to re-r(*(ds foi' Jhiro|>ean consumption. Tsatlces formerly 
constituted the main supply for the, throwster. In the sea, son 
1914-1915 the exjxu’t did not exceed 5,000 bales, and to-dac 
it is still less. The- Kahings, llangchows, Woozies, it-c., only 
find a very restricted export. Tlu^ cocoons from these districts 
arc bought up by the steam fdatures for reeling in the factories 
of tke Shanghai district. Naturally the cocoon of the white 
China species is st^cond to none ; in fact, if it coidd be jiro- 
duced undeyjbhe same scientific conditions as those of Eurojie 
and Japan, for strength, lustre, etc., it would be the very best. 
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In the districts wlHT(i the rearing takes place there is no 
microsc()])ic selection of litudthy graine or eggs, and conse- 
quently tile worms are liable to the ravages of diseases to 
which the silkworm is subject. 

The number of chops of Tsatlee silks and the gradings 
twenty years ago made (piit(^ an (‘xtensive list/, but recent 
im})orts only incliide the following, which are given in order 
of (piality : — Blue Elejihant, Buifalo 3, Silver Doubh^ Elephant, 
Silver Electric Fan, Blue Doid)le Ele])hant, Bold Lion, Bold 
Kiling,Choey Kiliiig, Red Kiling,a.nd Running I)(‘er. Ordinary 
reels have gom^ out of favour with Euro])eaii markets, and 
’ the above cliops are practically all in which business is now 
done. 

(4) Yclhir SiJh. -These are })roduced ])rincipally in the 
provinces of Shantung and the Scychuen distri(;ts. They were 
reeled formerly in large skeins 4 to (> fee.t in circumference 
iindir ditferent titles, and consequently dillicult to wind. 
The silk was (?oarse, uneven and foul, and could only be 
utiliz(‘d for sewings or very coarse fabrics. During the last 
(‘ight or ten years native filatures and re-reels have becui 
introduc-ed. so that th(\y are now coming into mon^ extimded 
use. The Shantung and Minchew filatures and r(‘-reels are 
s(*rvi(a‘,al)le silks for many ])ur})oses of manufacture, es])<‘cially 
* where they can be used for darker colourings. The filatures 
are reehul in siz(5S from 12-15 to Ib-IH deniers, and the winding 
td’ the best cho[)s run from 50 to 70 tavelles. The re-reels run 
in sizes from 18-22 deniers to 22-28 deniers, and in the inferior 
qualities still coarser. The loss in ladling is fully 25 j)er 0(^t. 
Reference as to chops and ixradi^s may la*, obtained from 
importers' classifications j)ul)lish(*d by Messrs. Sulzer, Rudolph 
& Co., Messrs. Reiss & Co., and Messrs. Wm. Little & Co., of 
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Blianghai. The writer of this cliapter is iii(1el)ted to these 
firms for the elu)|)s named in eomieetion with the White 
Chinas, as also t(» J\lr. J. Caillard, Shanghai, h)r ste.am filatures, 
and to Messrs. Cerin, ])n‘vard t't Co. for (tintons. 

Duppions. — These an tin* ])r()diiee of doiihle (toeoons. 
Whoii the silkworm (commences to form Ihe eo('ooii it is 
essential that ]>roj)et spa.ee sliould he givcMi, otleTwise where 
two of them coim^ in close (U)nta(d th(‘ir spinnings are intm'- 
twined with each other and a douhh^ coiajon is lornied. In 
leeling, the thread slul)s olT in a. thick, inegiilar thn‘a<l. '1 lie 
Italian cluppion runs from oP-lO di'iiicu's and up to 80-100 
dimiers. The lu'st n'clings ar(‘ thrown in Italy and Switziu*- 
land into sieving and emhroiderv threads. \\ lum ehaiiUMl hv 
the ra(deus(‘ inaeliiin' and gasst^d a good article is produced, 
^ot manv of tlu^ (.Line.s(‘ oi ,lap*nH‘se duppions an* e\j)oite(k 
being reservinl for native use. 

Wild Silks, produced in India hv tin* Anlhenai Mvlitta, in 
Nortln'rn China, by tin* Anth(‘rea 1‘ernyi, and in Ja]>an by the 
Yama Mai species. — The iirst-nan*.ed s])in a thrc.ni ol aliout 
8 d(‘niers in the have, and has a go(»d lustre when hoil(*d otb 
but these silks are not in any (h‘mand by Rurope*in iluowst(*rs. 
The Chinese ])roducts an* (‘xpoiicd to Am< rica and Kurope 
under the title of Chefoo lilatures, a.nd hav*. a good sale for ^ 
the manufacture of d’usson* silks. Tin* ba,ve is abcmt 5 deni(*rs, 
and they an* reeled in :U)-40 and 10-50 denit*r sizes. Tin* silk 
from tin* Yama Mai is k(*pt by the Japs for tln‘ir owm manu- 
facture and embroideries. The grading of tin* Cliefoo filat ures 
vafy from time to time, owing to change of owinu-ship of the 
filatuivs, and possible dett‘riora.tion in iluality. From a 
1918-1919^ jns])ec,tion by Messrs. William Little & (^o,, ol 
Shanghai, we give a tew o[ the best ohops 
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Black Paj^oda, 1 arid 2. 

Sun Flowor, 1 and 2. 

Gold (Vown, 1 and 2. 
rjold JosK, 1 and 2. 

Dragon Fly, 1 and 2. 

Apricot Flower, 1 and 2. 

(Jold Double Dragon, I and 2. 
Black Fifth Bowl, 1 and 2. 
Chincfteand American Fla^, I and 
,Ta|)anefte and American Flai^, 
and 2. 


Suu Pagoda, 1 and 2. 

Lucky Boy, 1 and 2. 

George Washington, 1 and 2. 
Alow San Peony, 1 and 2. 
Spinning Girl, 1 and 2. 
Pof)pies, I and 2. 

Gold Bat, 1 and 2. 

Black Alonkey, 1 and 2.*^ 

2. Bamboo, I and 2. 

1 Bamboo, 1 and 2. 


bo far we have only dealt with the silk in the net or raw 
state, and its manipulation in the processes of reeling and 
throwing, but in these stages it is estimated that an equal 
quantity of waste is ])roduced, and which is now utilized 
for silk si)inning. Jn the rearing of the cocoons the blaze 
or line silken fibres thrown off by the silkworm on the 
bush as a nest on which to form its cocoon is collected, and 
China alone has exported 2-10,000 lbs. annually of this 
product. Imperfect and pierced cocoons which cannot be 
used for reding form another source of supply. In the 
reeling process, before a perfect thread can be obtained for 
continuous running the outside thriMids are brushed off by 
an automatic process, and at least 25 to BO per cent, of the 
^total weight of the cocoon goes into the waste basket. To 
this may be added the waste made by the silk throwster in 
the processes of winding, cleaning, and doubling. Doubtless 
some portions of these waste materials were used by the an- 
cients for all time, but under earlier conditions were combed 
and spun by hand. In the regulations of the thirteei^th 
and fourteenth centuries in France mention is made of 
galette flourin and filoselle, productions of hand spinning, 
and in 1815 a society was formed in Paris for the encourage- 
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menfc of the industry on a larger scale and by mechanical 
means. At this period the waste was cut into short lengths 
and spun on lines similar to those tlien existent in the cotton 
spinning, but in 1830 special machinery was introduced for 
dealing with longer fibres, on the basis of the present 
system of the silk-s})inning industry of to-day. To a 
paper read by Jos(‘])h Doden, Ls(p, silk iiierchant, of 
Manchester, before the Bilk Association in February, 1005, 
we are indebted for information as to the rise and ])rogress 
of this branch of textile industry in our own country. Tt 
appears that the first spinning mill established in England 
was in the year 1702, at GaIgato,^near Lancaster, but a 
quarter of a century elapsed before this example was 
followed to any extent by other tirms. 

^ On the Continent operations wore commenced in Biile 
^out the year 1822, and from that p(iriod both at home and 
abroad it has made considerable progress and development. 
Jtmay he interesting to know that an a])proximate estimate 
of the spun-silk spindles in the whole \\u»M may be put at 
about GOO, 000, spread over France, Swit/.i rland, Italy, 
Germany, Austria, Fngland, Anuirica, China, Ja])iin, and 
India. The production may be taken roughly at 15,500.000 
lbs. per annum, of which about 11,000,000 are produced ^ 
on the Continent, 3,000,000 in England, and the remainder 
in other countries. 

The predominance gained by the Continent may he 
partly accounted for by the cheaper labour employed, and 
an abundant water supply, so necessary for the purpose of 
Bchapping, and also more favourable treatment by the 
absence o^ restrictive factory regulations. By the method 
of schapping, in which a portion of the gum is retained, 
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the processes are somewhat cheapened, a larger yield 
is obtained, and for some purposes, specially where 
required for black dyeing, tbe yarn has a wider scope 
of utility for the manufacturer. The gum is partially 
removed by the process of maceration and fermentation 
or by chemical means. The English spinners sucqeed 
in spinning brighter and whiter yarns which, although 
higher in price, command a sale for purposes for which 
the Continental yarns are less suited, si)ecially where 
brilliancy and clearness of colouring is desired for delicate 
tintings and for whites. The methods employed for schap- 
*ping, for long spinning, and for what is known as short- 
spuns involve different treatment and special machinery, 
the details of which are so varied that a special chapter 
would be necessary to describe them even in the most 
general outline. IVly purpose has been to show the evolr 
tion of the silk industry from the smallest and crudest 
beginnings up to its present conditions of expansion and 
improvement. 



CHArTEK XVI 

TWK COTTON INDCSTRY 

The cotton braiicli of the textile, iiidnstry has iiu.it'ased 
at sucli a rate dining tlu^ last ctaiturv in all parts oi tlu^ world, 
and has now arrivi'd at such proportions, that it iiuiv sat(‘Jy 
be said to oeciniy the fore.nu^st position among the industrial 
arts. 

It has mor(* money inv(‘sted in buildings. ])lant, and stock, 
|and employs more w()rlqM‘o])l(‘, directly and indir(*(dly, than 
^y other manufacturing bra.nch of trade, in this, or probably 
any other country where manufae.tures are. carried on. 

It is suppo.sed that the manufacture, of (•.«>! ton originated 
in India about IMK) h.(\, and the method then used have 
])ractically irmaimHl the same, until within a comparatively 
recent dat(‘. The Hindoos s[)iin yarn and manufactured 
material of as fine a. ipiality as can be produced to-day in 
any Lancashire mill, lupiipped with the best a.nd most modern^ 
machinery. 'In tin* course of ordinary events iJie trade in 
cotton and cotton goods s])read westwards, until we find it 
in Italy in tlu‘ fourt.eenth, Hermaiiy, Prussia and England 
in the. sixtei'iith, France in the seventeenth, and m Kussia in 
tic eight eimth ctmlury. 

The first repoitt'd iiuportiition of cotton into En},daud was 
in tlie ysiW mainly used for candle-wick. 

Manchester goods, which were principally made from a mixture 
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of woollen and cotton, or linen and cotton, were first heard of 
in the year 1352. 

The weight and value of the cotton used has reached an 
enormous amount, as will be seen from Table I., which has 
been compiled by the Cotton Spinners’ Federation, for 1910. 

Taiu.e 1. 


Cl 1 UN ritv. 

Nunil«'i of SinrulU's. 

(.nil on UKea. 

All Kliiils. 



Uitlus. 

(iivat Britain . 

43,1 .'>1,713 

3,463,833 

(Joniiaijy 

9, mi, 940 

1,661,130 

I'rance . 

6,003, lOJ 

933,433 

Austria . 

3,r>.S 1,434 

705,007 

Italy 

2.K(}7,H()2 

731,357 

Switzorlancl . 

1,413,396 

89,360 

Belgium . 

1,110,600 

190,756 

Japan 

l,3r>6,713 

1,068,000 

Sj)aiii 

1,.3S7,.)00 

255,754 

Portugal 

3SS,000 

36,93)6 

Eussia . 

2,»>(>1 ,«*> i 3 

548,892 

Holland . 

39.7, 673 

73,870 

(Sweden . 

, •>36, 360 1 

76..')59 

Norw'ay 

(>.'>,776 i 

10,647 

Penmark . . i 

43,101 

30,143 

Levant . . . j 

33,134 

13,100 

Egypt . 

United States (d' 

.39,300 

! 4,386 

I 

Ami'i’iea 

26,342,000 

4,937,t)00 

Total . . : 

100,561,078 

j 14,909,193 


• These returns do not iiudude India, China and some other 
small producing countries. 

It will be noticed that the consumption per spindle varies 
very considerably in the different countries ; this, in most 
cases, arisis from the difference in the counts spun. ^ 

It will be seen also that 43 per cent, of the total spindles 
are in the United Kingdom. 

The greater part of the cotton used is American, as out 
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of the total of 14,909,193 halos used, 11,608,575 bales are 
of this variety. 

The total proclueiioii of American during the last season 
was 6,600,000,000 lbs. It is interesting to know that a 
little over a century ago an American ship vhich imported 
eight bags of cotton into Liverpool was seized on the 
grounds that so mncb cotton could not be produced in the 
United States. 

The total world's production during the last twelve 
months is estiniat(3d at 8,000,000,000 lbs. 

Particulars as to the number of looms and the amount 
of cloth produced in the various countries are not easy to* 
obtain, but Table 11. gives the fullest information obtainable 
in regard to the. increases in production and reductions in 
wage costs of both cloth and yarn in the United Kingdom 
^ the years 1856, 1880, and 1905. 

Table 11. is very interesting, as it shows that during the 
last half-century iho weight of yarn produced has increased 
by 886*7 million lbs. 

The hours worked have decreased by 7*5 per cent., and 
the labour cost per lb. of yarn has decreased by 55*8 per 
cent. 

The production of cloth has increased by 7,950 million 
yards ; the hours worked have decreased by 7*5 per cent.,' 
and the labour cost per yard has decreased by 24*36 per cent. 

During the time these changes have been taking place 
the average wages of the operatives have increased by 
94 per cent., as shown in Table 111. 

The changes in hours and wages during the war and since 
have not yet had time to show their effects, but they wdl 
certainly *alter the amounts given in column 3, and there will 
be aoi»e (^op in the production per spindle and loom. 
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Table II. 

Production and Tos^js of Cotton Yarns and Cloths in the 
United Kingdom. 



ih.'ii*. 

1880. 

1906. 

Enw Cotton Imports, millions of ; 




lbs j 

1,023-8 

1,629-2 

2,203-5 

Eaw Cotton h]xi>orts, millions of 



1])S 

1 16*(» 

2210 

283-1 

* Yarn i’roduction, millions of 




lbs , averuire counts . 

Tdo't) 

1,191-0 

1,032-3 

Yarn bix])orte(l, millions of lbs. 

182-0 

21 0-7 

205-0 

Yarn for llonn; Consumption, mil- 




lions of lbs.. a\(*ra‘>:e (“oiints 

5f),3 0 

978 '3 

L127-3 

Cloth I’loduction, millions of yard.s, 

averajri' width . 

:;,()00-o 

7,737-0 

11,550-0 

Cloth Uxjioitod. millions of \ards. 

2,030-0 

4,P)0-3 

0,198-2 

Number of Spindles . . . : 

8,000,000 

12 000.000 

.>0,000,000 

’ ,, Loom.s 

300,000 

oo0,000 

700,004, 

,, ( )]ieiji fives in w'oaving 

mills 

1 To, 000 

210,000 

300,000 a 

,, ()})erati\(‘.s in s])innino 




mills 

20o,000 

2-10,000 

211,001)9 

Woikinc; ITonis p»‘i Wei-k 

GO 

oO.l 

5')^ 

Average Wi'ekly AVag(*s, 17 classes 



of operaliv ON .... 

1 1^. ivl. 

1 9s. 1(W. 

20^. U. 

Operatives per 1 .000 Sjnmlles 

7-3 

5-7 

4-2 

Fioduetion of Yam per opeta1i\e 




per veal’, lbs. . 

3,037-0 

4,975-0 

7,730-0 

Produelion of Cloth per Operative, 




yards 

2t),580 

31,800 

37,740 

Production of Y^arn per Spindle per 
Y(ar, lbs., average counts . 

27-0 

28-5 

32-6 

Pjoduetion of Cloth per Loom per 




Y'ear, yards, a^orage width . ; 

12,t)0tl 

11,250 

16,500 

Labour Cost ])er lb, of Yarn, 


average counts . . . . ' 

2-h/. 

2-Od. 

P06rf. 

Labour Cost per Yard of Cloth, j 




average width . . . J 

1 

'bod. 

•447d. 

i-i 

* 


^ Taking an average of 15 per cent, waste. Stocks not taken into 
account. . , 

“ Urcjm latest published Blue Books, 1903. 
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Tam.k til 

Aveuage Wkeki.y Wages ok ('oiton-Mill OrEiJATivES, 

]yl \N(UIESTER AND ( )LDUAM DlSTlUGTS. 


i 

ISht. 

Ill) llOlllS 

1 pel week 

ISSO. 

r)*ij 

1)< I week. 

s. <1 

mu;. 

1 llOlIIS 

pel week. 

S. d 

Seutohm’ 

S (1 

13 S 

2l <) 

Card-room ( h ei looker . 

2S (1 

3>s () 

o(l (1 

1 )rawin«;-l'rame 'rentei 

i !l (1 

1.') (1 

HI (1 

S})inn(‘rs’ Ovei looker 

2() (1 

-id (1 

5(1 (1 

Mule Spinuors (averaj^u; of line, medium, 
and coarse) . . . 

. 21 1 

33 t; 

45 (1 


Mul<' l‘i‘iwrs (uM'i’a^^c (•!' liius medium, 
ami ei>iii'S(‘) 

Throstle Spiiiiiei^ 

1 )oiTer8 . 

Heelers . 

Winders 
Warpers 
H^uners 

l)oubliii[' Ovei looker 
Doublers 
Gassers . 

Weavers (avei 


j;e number of looms) 


K 3 
D U 
0 D 
D D 
1 ) r. 
•J:i u 
22 0 
2S 0 
!) 0 
D (I 
II 2 


H) 
1 I 
P 
12 
M 

24 

21 

12 

13 

lo 


1-1 HI* 
Hi (I 
-S 0 
IT 0 
IS (I 
lo D 

35 0 
Hi (I 
2(1 0 
2 1 (I 


Averu.t;t! of ubo\(' seventeen cla>>es (.1 
Operatives . 


II (i I'l HI 21) 2 


Comparison, ealeulaled for numbei ol . 

hours worked • • • I ' * 


The iilteiTil eotiilitioiis of the ojieratives are further seen 
by a coini-arisoii of the cost of liviufi dm’ing the periods 
..i^«;ll in Tables II. and III. Tlie particulars regarding 
cost of food have been obtained from the books of one 
of the largp Manchester hospitals, no other data being to 

hand. 
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Table IV. 

Comparative Conditions of Cotton Mill Operatives 
IN THE United Kingdom. 



1856. 

1880. 

1005, 

Total number of Operatives em- 




ployed in Cotton Mills 

380,000 

480,000 

523,000’ 

Number of Half-time Operatives . 

10,0d0 

d 1,000 

21,000’ 

A{;e of Cliildreu admitted to work 




Half Tim(5 

9 yeai's. 

10 years. 

12 years. 

Age of Childi'en admitted to work 

Full Time .... 

1 3 years. 

13 years. 

13 years. 


s. d. 

8. <L 

8. d. 

Average House Kents . 

Paid by oiio of the Man^liester 
Hospitals : — 

3 0 

0 0 

0 0 

1 


I 

Moat, per lb 

0 7.^ 

1 0 8 

0 0 

Flour, per do/, lbs. . 

2 ()“ 

2 0 i 

1 2 

Bread, per 1 lb. loaf . 

0 8.t 

0 71 

0 iU J. 
(1 Vi/ 

Sugar, per lb 

[ 0 7“ 

0 3J> ; 

Tea, per lb 

1 4 () 

I I 

\ 1 4i, • 

Butter, per Ih i 

i 

1 1 2 

i 1 

1 1 0 

' 0 11 


^ Prom latest published JBliie Hooks, 1903. 


One very satisfactory feature in this table is the increase 
in the age at which children are allowed to commence work 
as half-timers. It is very probable that at a near date the 
system of half-time working will be abolislied in the cotton 
trade, as has been done for some years in the engineering 
trade. 

These increases in production have not arisen through 
any great mechanical invention, seeing that all the radical 
patents for spinning and weaving machinery are dpted 
prior to 1825, with perhaps one or two exceptions, such as 
the Ileileman Comber, the automatic feeder ^for openers 
and scutchers, or the piano feed-motion regulator. 
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Wyatt invented the drawing; frame, and Kay the fly 
shuttle in 1788 ; liowis Paul the card in 1748, and the 
clever doffing comb mechanism about 1750. 

Hargreaves invented the spinning jenny in 1764, and 
Crompton the mule in 1771). 

T4ie scutcher was invented in 171)7, to be improved by 
the addition of the lap-end by Mr. Creighton fifty years 
later, and the piano-feed n^gulator by Mr. Lord in 1862. 

Holdsworth brought out his wonderful diflerential motion 
in 1830. It is so far back as 1825 that llichard lloberts 
invented his self-acting mule, and even the ring frame, ^ 
which has made such tremendous, strides during I he last 
thirty years, was invented more than eighty years ago. 

There has, however, been a steady imju'ovement in the 
j^tails of the various machines, and in the methods o'f 
Induction by the machine-makers, so that it is possible to 
run at much liigher speeds, and for the oi)erative to attend 
a much larger number of spindles than furni(u*ly. 

A few of these improvements may be bricjly mtuitioned : — 

(1) The revolving flat card, in which the (‘Id rollers and 
clearers of tiie roller and clearer card, with the incon- 
venience and dirt, are replaced by a travelling apron of 
flats or combs. This machine has taken many years to ^ 
secure universal ado})tion, but on account of the cleaner 
work produced and the less cost for attention it is now used 
in almost every case except for very lo\v counts and waste ; 
but it must be said that there are still many people who 
coiW;eiid that the greater amount of waste made more than 
counteracts the saving in labour. 

The pei;c 43 ntage of waste in the roller and clearer card is 
generally about 2, whereas in the revolving flat card it is 5. 
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(2) Another great improvement is the presser used in 
connection with preparation frame spindles. This is a 
very simple but most effective addition to the spindle, and 
consists of the addition to the old dyer of a loose leg, to 
which is added a foot called a presser. The outer part, or 
leg, is heavier than the inner part, or foot, and during 
revolution the centrifugal force of the leg being greater than 
that of the foot causes an inward pressure on the bobbin, 
thus enabling the machine to make a bobbin which is not 
so liable to damage in the after-process, and also contains 
a much greater length of material. This improvement has 
tended, in a great degr/^e, to the reduction of cost in the 
l)reparatory stages of spinning. 

(8) The piano-feed regulator, patented in 1802 by Mr. 
Lord, is also worthy of notice. Tliis invention has for 
object the regulating of the lap. It consists of a numbei* of 
pedals like the keys on a piano. These pedals “feel ” the 
cotton, and if it is too thick or too thin they put into action 
a motion which decreases or increases the rate of feed, thus 
automatically adjusting the volume of cotton in accordance 
with the weight i)er yard decided upon. 

(4) Another patent of importance is the “Ivabbeth” 
spindle for ring spinning and doubling frames. When the 
ring frame was first introduced it had top and bottom 
bearings for the spindle, which required oiling every day. 
This, besides being troublesome, was liable to cause dirty 
yarn, and it was not 2)ossible to run the spindle at a greater 
speed than 5,000 revolutions jier minute, whereas r the 
“ Rabbeth,” or self-contained gravity spindle, only requires 
oiling about every two months, and even with an imbalanced 
bobbin will run steadily at 20,000 revolutions per minute, 
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a speed much lii^lier tliaii is required, the maximum speed 
at which the worker can attend to the frame })eing about 
10,000 revolutions. It will readily he seesn what a ^reat effect 
this patent has had in incr(‘asing the })rodiiction of yarn. 

(5) Another ])atent is the cross-winding frame. This 
machine was rendered necessary mainly on account of the 
changes in the location of tlie spinning and tlie weaving 
mills, and to meet the ditTerenl conditions existing between 
mule and ring spinning mills, as also tlu', hostile foreign 
tariffs. These varied conditions made it necessary to he 
able to send tlu' vnrn from place to place with the smallest 
possible amount of tares. 

(()) Then of late years we have ^lad the introduction of 
the automatic feeder into tlu' blowing-room. This machine 
automatically regulaU^s the sup])ly of cotton to the cylinder 

heater of the (qHUier, and thus more regular laps of 
cotton arc prodiictul than formerly, besides reducing the 
cost of atUaition 50 per cent. 

(7) Tor certain cla.ss(}S and qua.liti(‘-s ilie yarn spun on 
the mule is still considered to lie superior to that produced 
on the ring s[)iniiing frame, especially for t]<e very tine 
counts. Although the self-acting mul(‘ was invented and 
introduced some considerable time previous to 1856, the 
main principles are still the same, and the same fac'ts hold* 
good that this machine has only hi^en improved in its 
detail parts. One of the main advances is concerning the 
number of spindles jier mule. In 1856) and liK)5 they weie 
500 and 1 ,000 respectively. 

^8) Finally, there is the introduction of the. various nesw 
types of looms. Previous to these there had been no 
radical iMmtiom in tlic design of the loom for more than 
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fifty years. The automatic loom nas made rather slow 
progress in Jingland up to the present time, but there is no 
doubt they have come to stay. When it is borne in mind 
that a weaver can only attend to six looms of the old type, 
as a maximum, wliorcas he can attend to twelve or more of 
the new type, it will be seen that these automatic looms have 
a future before them. 

In IBf)!), the earliest period in the tables of comparison, 
on page 323, the average spinning mill was constructed on 
very unsatisfactory principles, and it would contain about 
30,000 spindles. 

' The mills generally had narrow, lows and ill-venti- 
lated rooms, and the sairttary arrangements w^ere exceedingly 
poor and unsatisfactory. 

, The pow’er w^as in some cases transmitted by means of 
water wheel, but steam (mgines w ere more generally adopto*^ 
These engines were of the beam type, single condensing, 
with cylinders up to 00 ins. diameter, and H ft. stroke, 
running 20 to 30 revolutions per minute. The steam 
pressure was from 20 to 00 lbs. per square inch, and the 
consumption about 25 lbs. of steam, and 3jJ to 5 lbs. of coal 
per indicated horse-powder. 

The power w^as transmitted to the various rooms by 
* means of spur gearing. 

The spinning spindles w^ere either of tho mule or ilyer 
type, running at 6,000 and 3,500 revolutions per minute, 
and producing *52 lbs. and *4 lbs. of yarn average counts, 
32«. per S2)indle per week of 00 hours resijectively. 

The cost of such a mill was from 45«. to 50.s*. j^er spin&le, 
including buildings, boilers, engines,* machinery, and 
accessories. The cost of a weaving shed was dt^fff'per loom. 
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At the present time the average mill contains about 
80,000 spindles, and the yarn produced may be taken at an 
average of 40 a’. counts. The buildings are of the most 
approved design for cheap production and economical 
driving, and the sanitary arrangements are of the latest. 

The machinery is so arranged that the raw cotton fjom 
the bale jjassos through the various machines until it 
arrives in the w'arehouse in the form of varn, without 
traversing the same ground twice ; that is, it pursues the 
shortest course possible to save cost in handling. 

This is clearly shown on Fig. H I, which gives -the arrango- 
*mcnt of one of the most modern ring spinning mills, built 
in the shed form. Tliistype has been adopted here because 
the whole of the processes in spinning and weaving can be 
clearly shown. In Fig. sn a })bin of a mill taking the 
cotton from the raw state to the finished product is givenr 

The power is mostly transmitted by steam engines, 
although great efforts are at present being made to intro- 
duce driving by electricity. Many mills in foreign countries 
have been arranged with this drive, ])articiilarly where 
there is a plentiful supply of wahn*, which enables the 
engineer to install water turb{)-generators, and to produce 
the electrical power much more cheaply than where steam 
*is used. 

Several mills have been fitted up in England recently 
with electrical driving, but the results have not yet been 
made public, so that it is not possible to say what prospects 
there are for this type of driving. ^ 

Steam turbines have also been installed into several 
mills with very satisfactory results. 

* • f 

Where steam engines are used they are of the recipro- 
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The crank shafts make 60 to 80 revolutions per minute, 
and are fitted with ^ly-^Yheels in the form of rope pulleys 
up to 80 ft. diameter, prepared to receive as many as fifty 
ropes of If in. diameter for driving the main shafts in the 
various rooms, thus disiiensing wdtli all spur gearing, giving 
greater freedom from breakdown, and much smoother^ and 
quieter running. 

The steam consumption is from 12 to 16 lbs. of steam, 
and the coal consumption about IJ to 2 lbs. per indicated 
horse-])Ower. 

in cases where superheated steam is used the compound 
engine is about as economical as the triple expansion 
working under ordinal*}^ conditions. 

The present mill hours are 48 ])er week. 

, The flyer frame has become almost obsolete, and the^ 
mills are either filled with ring or mule spindles, or^i 
some cases both types of spinning machinery. 

The sjieed of the spindles is — mule 11,000 revolutions, 
ring 0,500; and the production *75 lbs. mule, and 1 lb. 
ring average counts 405. per sjundle per week respectively. 

The various processes through which the cotton passes 
from the bales to the yarn or cloth are shown in the form 
of a diagram on ])age 831 (Fig. 86). 

Tile cost of a mule mill in 1911 was about 285. per spindle, 
and the cost of a ring mill from 88.§. to 425. per spindle in- 
clusive ; at the present time the cost would be at least three 
times as much. 

The cost of a modern weaving shed is about £26 per loom. 

Most of the extra cost per spindle in the ring mill arises 
from the greater production per sjiindlc, which, as a con- 
sequence, requires more preparation machinery. ' ' 
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mill is further apparent when it is Iniown that the average 
wages of the em})loyees in the machine works have increased 
12J per cent., and the hours have been reduced 7^ per 
cent. 

It has only been possible to do this by the introduction 
of labour-saving machinery of the highest type. 

The machine construction branch of the textile industry 
is now so well organized that even with the heavy duties 
which are imposed by foreign countries the greater part of 
the macbinerv used in all parts of the world is produced in 
England, and there does not appear to be any reason to 
fear that for a long time to come England will lose her 
supremacy in either the machine-making or the spinning 
or manufacturing branch of the textile industry. 

The whole of the t(‘Xtilo industry and the businesses con- 
ne(‘ted therewith are in a state of transition at the preseyff 
time, wages having b(M*n incr(‘a.S(!(l to a larg(‘ d(‘gre(^ and hours 
considcraldy reduced. This makes it ditticult to give anything 
definite in corn [>n, risen with pa.st. ye,a.rs. but tlu'nj is tire 
certainty that, uid(\ss more mills are erecte,d. the oiitfuit will 
be much less than in 1914 : how much, time alone can show. 



CHAPTER XYII 

Ti/e linen industry IITSTOllICALLY AND CO.MMEIU'TAT .LY 
CONSIDERED 

The cultiviilion ot the flax plain, the separation of the 
fibres from the straw, the ])rej)ariiig and spiiniin*^ of tlu^se 
^ime fibres into yarns, and their suhseipient manufacture 
Into linen cloth form to-day no insignificant branch of the 
textile industry, employing, as it does, tens of thousands of 
persons in tluj various progressive sections from the sowing 
of the flax seed to the distribution of il o linisliod woven 
pi’oduet. 

Earliest Recouds. 

The Rihlical records testify that flax was cultivated, 
yarn st)un, and linen fabrics woven in the patriarchat 
times. It is also interesting to know that the manufacture 
of Jliic linnifi is spoken of in all classical records, books, 
and writings from the earliest timi's. 

Jf the growth of flax, together with all tlie suhsecpient 
processes of jireparatioii and manufacture into cloth, were 
considered from the ])oint of antiquity alone, it would form 
an interesting volume, since most people manifest an 
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intense interest in anything which can justly claim to ha\ 
its foundation in prehistoric times. 

Flaji. — The first mention in the sacred writings of Jlaa 
by that name occurs in connection with the plagues of 
Egypt (Ex. ix. Bl) : “ And the fiax and the barley were^ 
smitten, for the barley was in the ear and the flax was 
boiled.” The virtuous woman is described by Solomon as 
one who “ seeketh wool and Jiax and worketh it with her 
hands. . . . She layeth her hands to the spindle and her 
hands hold the distaff. . . . She maketh fine linen an,d 
selleth it ” (Prov. xxxi. IB, 19, 24). 

' Scriptural Records : Linen. — The first scriptural record of 
linen described by that name is found in Gen. xli. 42 : 
“ And Phai'aoh took off his ring from off his hand and put 
it upon Joseph’s hand, and arrayed him in vestures of /inj^ 
luieuj and put a gold chain upon his neck.” This w(ib 
in 1715 B.(]., when Pharaoh exalted Joseph to the second 
position in the kingdom. Though this is the first refer- 
ence to linen in the Scriptures, it is very evident that linen 
fabrics w^ere made long before this period, since the 
reference is to fine linen, and fine linen can only be manu- 
factured after many efforts and long experience. The 
sackcloth which Jacob put on (Gen. xxxvii. B4), when 
‘Joseph’s coat of many colours was brought to him, was in 
all probability made of coarse linen cloth. Some historians 
contend that coarse fabrics of flax were produced in the 
antediluvian age, and that the covering of JabaPs tents 
(Genesis iv. 20, 3875 b.c.) were made of some coa-'se 
flaxen or hempen material. 

Lineu — Emblematic of Purity.— Wherever cleanliness and 
purity were required the chosen symbol among fabrics 
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was linen, and in this respect it stands unique among all 
textile fabrics. Moses, in eiiunierating to the people the 
articles which might be ofl’ered for the iitting and completing 
of the tabernacle, says : “ And blue and purple and scarlet and 
^ne linen and goat’s hair ” (Ex. xxv. 4). Later, when Aaron 
and his sons wore set apart as priests unto tlu*, people, instruc- 
tions were given tliat Aaron’s coat was to b(^ (‘inbroidered in 
fine linen^ and tliat his sons wore to wo.ar linen breeches. 
Further, whenever the Jewish priests entiuvd in at tlie gates 
of the inner court of the sanctuary they were to be clothed with 
linen garments and no wool was to be upon them whil(^ they 
ministered within tlui gab^s. They were also i-o have linen ' 
bonnets upon their In*, ads and linen f>reeches upon their loins 
during the ceremony, and were n(»t to b<‘ girded with anything 
^at causeth sweat (Ezek. xhv. 17, 18). St. John the Divine 
^bcribes the seven angels as being clothed in pure white 
linen, and says: “For the fine linen is the righteousness 
of the saints;” and again: “The armies which were in 
heaven followed him upon white hoi.A^ clothed in fine 
linen, white and clean.” 

Evolution of tiik Linen M\NrFACTunE. 

Eg 3 rpt — the Birthplace, — Historians gtiiierally agree that 
linen was first nianut'actured in Egypt. The llax plant 
was indigenous to the soil of ]':gypt, the climate and the 
Nile were favouralJe to its growth, and there appears to 
be no doubt as to its extensive cultivation in the earliest 
history of the country. It is an established fact that linen 
cloths were made in Egypt more than 4,000 years ago, 
specimens pf the linen having been discovered in the land 
of the Pharaohs which were proved to be at least that 
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age. Solomon had linen yarn brought out of Egypt, and 
the king’s merchants received the linen yarn at a price 
(‘2 Chron. i. Ih). 

As already intimated, many of the fabrics woven in those 
early times have been preserved unto the i)resent day as a 
result of the practice, then common, of embalming^ the 
dead. The choice of linen for this purpose was due to 
the material being able to resist the dev(dopmeiit of animal 
life in a more marked degree than fabrics made from animal 
fibres, such as wool, which germinate animal life^much 
sooner, and consequently would defeat the end they were 
intended to s(UTe. 

Many of tlie limms tfnis preserved were line, in texture, 
but “ set " much clohcr in the warp tlian in the weft. This 
may he largely dm', to tlu' method then jnactised of inserU 
ing tlie shuttle into the warp shed with tlie one hand i/ui 
then receiving it at the opposite side by the other hand. 
Then, too, since there was no “lay’’ for beating up the 
weft, the operation had to Ixi performed witli the aid of a 
stick, wliich necessarily meant slow and h'dious work, 
however skilful the weaver might be. Ne\erthele.ss, some 
few of the textures thus woven compare favourably wdth 
manv modern productions. A s[)ecimen among these cloths 
ill plain weave revealed as many as 90 threads per inch in 
the warp and 45 in the weft ; a second contained 150 
threads of warp with about 70 shots of weft per inch 
respectively, involving the use of yarns which exceeded 
100 leas of 800 yards each per lb. — a fine yarn and sett ! 
One specimen is recorded to have contained at least 250 
double threads per inch, with half the number of weft 
threads for the same length. The ancient tomlis of Egypt 
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reveal by pickires and other hierojjjlyphics the pro^roBsive 
Htages through which the Hax passed in those ju'ehistoric 
times, and, singularly enough, the ]>reparation of the fibre 
as then })i actised corresponds in many respects to the y)re- 
^ent nietliod ad()])ted, especially in freland. Sonui consider 
this an indication that the oi igin of the industry in the 
Emerald Isle was due to the migration of some Egyptians 
skilled iibthe art Th(‘re are many evi<lenc('S to show that 
the Egy])tiaiis ])roduced more yarn Ilian their looms could 
weave •and more cloth than the jieople themselves could 
consume, which, combined with the fact that tlu-ywcre not 
a coininoi’cial or marilinu' people, /jave an oiijiortunity to 
the Plueniciaii traders, who navigated the high seas for 
thirteen centairies to distribute their yarns .»,nd woven pro- 
Sncts. Much of llie latter was first delivered in Tyre,’ 
wfuu'e the inliabilanls dyed the fabrics in colours, for 
which tlu\v were ianious, and afterwards the PlKenicians 
re-exi)()rted the goods to PiTsia, Arabia, ral*^stine, Greece, 
Italy, Spain and iM'anci*, etc. 

Decline of Linen Manufacture in Egypt. - K\' titiLillv, as 
the years i-oIKhI on the gn^ai. onteipriM' liitlirrto dhsplayial by 
the Mgy])tiaus in the peaceful [\vt< a.n<l hereditary skill in 
fextih* crafts hi'gaii to wmih* and gradually decayi'd. 

Carthage, Babylon, and Greece.— Wit h tli(‘ advaiuai of 
time, the reiiowiu’d catv of Carthagi* conducted the mari- 
tirm* comiiuu’ce ot the wiu'ld, ainl dischargi'd tin* duties of 
factor 111 fitx’ Ituc^ts as well as otlier textih^ materials. 
The‘iL^ goods they sent westward into the countries oi 
Eurojie, including llritaiu. In llahylou and the wdiole 
I'l'gioii ol tl^e Kuphrales the (ailtivatioii ol flax was kugid) 
carried on, and the manulacture ol linen v\as i.oinniun in 
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all the. cities on the })anks of the Tijj;ris ; but tliis industry 
has long since become extinct in these countries, (frcece 
had also a small share in the growth of hax and manu- 
factun'. of linen, though she was nev'er much noted in this 
respect. 

Italy— Rome. — It is but natural to expect that lm})tirial 
Eome, exercising a world-wide influence, should seek to 
introduce into her country such a peaceful and #)rolital)le 
art as linen manufacturing. In her earliest days of con- 
(juest and supremacy she chiefly imported linens frcftii the 
East. Subsequently she gave every (mcouragenient to the 
manufacture of the fiiy^st linens in several parts of Italy. 
The most important step probably ever taken in this 
respect was wlien she formed guilds or colleges of the 
factories whicii were noUul for the manufacture of tln^ he^ 
qualities and varieties of linens. In lliesi* Imperial mc- 
tories all kinds of clothing were made for the Emperor’s 
family and court, and also for the oflicers and soldiers of 
the army. The guilds were also useful in collecting 
knowledge pertaining to the weavers’ craft and of dissemi- 
nating it by her legions throughout the whole of theiioiiian 
Empire. 

Spain. — After the witlidrawal of the Roman soldiers from 
Spain the Moors overran the country, yet it is recorded 
that they manufactured linens on an extensive scale and 
exported large quantities. 

Germany and Austria. — Ever since the dawn of the seventh 
century the linen trade has had a home in Germany It 
is one of its oldest branches of industry, and formerly 
ranked amongst its most important. In llOii^the Hanse 
towns of Hamburg, Liibeck, and Bremen formed a league 
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to protect their trade and commerce, of which linen pro- 
ducts formed tlie most important section. The Hanseatic 
League existed for several centuries, during which time it 
distributed the linen manufactures of (irermany throughout 
4ihe chief ceiitnis of Europe. In sympathy with German 
man^nfacture, iVustrian linens date from an early period. 

France. There was an extensive production of linens in 
(laul at tjie time of the llomaii domination of iliat country, 
and, notwithstanding all the vicissitudes of political fortmu* 
and revolution, the peojde have aUvays carried on a con- 
siderahle trade in the most delicate and finest of linens and 
other textile fabrics. This branch of the trade received its ‘ 
greatest check immediately followung the Revocation of 
the Edict of Nantes, 1(185, when the ])ersecution of the 
J-h'otestants became so acute that fully f)0(),0()() skilled 
a^lisans, chielly persons engaged in the textile trades, wei‘e 
obliged to leave their native* land and vseek rcdUgi* on other 
shores. About 70, 000 of these refugees found a home in 
Groat Britain or Ireland, and just as the ollen trade of 
Great Britain was materially assisted by the inlhix of these 
skilled artilicei'S, so the linen trade of Ireland received iis 
greatest im])etus by their advent. 

Various European Countries.- -Other European countries, 
notably Holhind and Belgium, carried on a large and * 
important trade in linen for an extensive period. Belgium 
has always paid great attention to the cultivation of ilax, 
and as far hack as the tenth century she began to he famous 
for the manufacture of linen goods. On a somew hat smaller 
scale the dax plant was cultivated and linen cloth manu- 
factured in other countries, notably Portugal, Benmarh, 
Nor-way, Sw.den, Switzerland, Turkey, and liussia. ^ 
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United States of America. — The Tiiited States of America 
grows much flax, but its manufacture is, and always lias 
been, comjiaratively small. To-day she is one of the best 
customers of Irish-made linens. 

(iKKAT Britain and Trklano. 

No liistoric.al descri[)tion of the flax industry would be 
(!om])h‘te, however brief, unless some releriuicc x^ere made 
to Ireland, where to-day, and for at least sevtuity years, the 
production of flax yarns and manufacture of linenc have 
stood out pH'-eminently. Of necessity this industry in 
Ireland is inseparably linked to that of England and 
Scotland. In tlie traditional records of the “ Four 
Masters ” of the fifth century reference is made to “ the 
weaves,” “ the flax scutching stick,” “ tlu' distaff,” etc. : tl^ 
inference is left to the reader. The laws of the judgesnn 
Ireland, known as the ancient Brehon laws, required the 
farmers to learn the cultivation of flax. 

The earliest authentic accounts of Irish linen manufacture 
date from the eleventh century, but the cloth made was only 
for home consumption, for the first exports occur in 1272, 
when it is recorded that Irish linen was used at Winchester, 
(lenerally s[)6aking, England and Scotland acquired the art 
of linen manufacturing before Ireland. In 1258 Henry 111. 
patronized English linens by ordering 1,000 ells for his 
wardrobe at Westminster. In the reign of Richard 11. and 
the year 1882 a company of linen weavers, chiefly from 
the Netherlands, was established in Ijondon. Jhit^ the 
climate and soil of Ireland were better adapted to the 
cultivation and growth of liax than those- of (ir,eat Britain, 
and consequently she supplied the sister island with the 
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raw material. J^ater, al)()ai the middle of the seventeenth 
century, we learn thn,t Ireland produced more Hax and spun 
more yarn than slu! could wi'jive, and as a consotjueiice 
“ The merctiants of Manchester hought ‘ lynne yarne’ from 
Ike Irish in ^n-eat (piantities, and after weaving it into cloth 
returjied it to Ireland for 

About tlu‘ year Hiyo tlu^ Euglisfi (lovcrimuMit soiiglit hv 
every mcipis in her powia- to encourage*, tin* linen industrv 
of Ireland in its (‘utirety if was not, howe,V(*r, until tli»* 
seventwmth centurv was well advanced that tlu^ Irish linen 
trade attaiiKMl :inv coiumercial iiuportaiute. Then, owing 
larg(‘ly to the I Istrr (M)lonids from Scotland, and l.itu'. the 
influx of the skilled Fr(‘n(‘h r(*tugees, espt'cialK' one Louis 
(JrOnimelin, a. wealthy Huguenot, who was induc(‘d to sidtle, at 
N^^'ishurn, near Ih'llast -the liru'n industry ol lr(‘!and mad<y 
ra[Vid ]>rogress, (Vonina'lin. on the Revocation of the Ediid 
of Nantes, 1i(‘d first into Holland, wdiere he heeaine [lersoiially 
acipiainted w ith William Prin(*e of ( traiige. aln-i wards William 
III. of England, hy whosi* [M‘rsua .ion he w.»^ siilisiMjiK'iil Iv 
induced to settle in Ireland. Here he span*,(‘ im pi'rsonal 
exjiense in introducing improvements foi ih velojnng the Inu n 
industry, notaldy in regard to the spinning wheel and the 
loom, and involviM hims(‘lf in an exfieiiditiire oi £ 10,(100. 
For th(‘S(* ^'alua,l)h‘ services he rt*ceived a gi’ant ol ISOO p(‘r 
annum, hut owing t-o tiie (huilh ot his Roval pitron, William 
III., the grant eeased after tin* second year. In the V(*ar IT I’d 
a Royal Hommissioii w^as ajipointed to em[ me into tin* lri,> i 
linen^ trade, and n‘jK)rted that *’ Louis Cro.umelin and the 
Huguenot colony liav(‘ been largely instrumental in im- 
proving tim\ pn)])agaling the llaxen manufactures in the 
north of Ireland, and the perfection to which the same is 




Pig 87. — Perspective View of a Lappiug Room in t^^lden times showing measuring, examining, 
• folding the cloth into lengths, tying in the clips acting^ the umchanical power of the lever to press 
the cloth round ond firm, and it preparatory to AdingWto the T.inen Hall. 
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brought m that part of the counti^ is largel}^ owing to the 
skill and industry of the said Croiimudin.” Cronniieliirs 
name, together with that of Philip de Gerard, the inventor 
of the wet-spinning process, is being still further per- 
^petuated on ])a!iols in a stained-glass window dc^voted to 
tlieTextil(‘ Industries l)ej)aiini(‘nt in tlie ( V»lleg(‘ ot Technology, 
Belfast. 

Linen Board of Ireland.— Tn 1711 the English Parliament 
created ^and endowed a Board of IVustet^s of linen and 
heni^jen manufacturers of Ireland to further encourage and 
develop the luien iiiduslry. During its existence the Board 
expended a sum of luiarly ,750,000 sterling from Imperial, 
taxation for this purpose and thefu-eciion of a Linen Hall 
in Duhlin. Lpoii the dissolution of the Board in 1H2H, 
Ireland had established lier ])roud ])()siti(M in the world as 
an important limui manufacturing centre, and was fast 


displacing in the markets of the world the products of other 
linen -producing countries. 

Sealing of Linens —Among the many us(‘tul regulations 
imposed hy tlu^ Linen Board was the introduction of 
an Oflieial Sral for marking nhtr linens h lore being 
exposed for Side, «tiicli rosulWd in a ninch-hiiii.ovod and 
superior- woven fabriv. (iuaranteeinfi as il did correcluess 
of length and perfection of niakc- it inspir<‘.d jiubhc confidence, 
in all buyers of Irisli linens. Subsequently the I'egulation 
stamp was extended to hroirn linens also with eiiually 
beneficial results. (For illustration see Fig. 87.) 

Progress in Irish Linens.-By the year 1730 the trade 
hatl made such progress that in one month alone Ireland 
sent to the metropolis three times the length received by 
London from the whole of Holland; and so much did the 



linen trade of Ireland prosper that foreign manufacturers 
of linens hecame greatly alarmed. 

In 1689, when William JTI. ascended the throne, the 
export of Irish linens amounted to 4*12,000 ; in 1701 the 
amount reached .414,120 ; the fiftli decade of the same 
century saw the total at £^165,8:18 12s. 3d., so that in less 
than half a century the trade increased 250 per cent. If to 
this ho added the export value of linen yarns for the same 
year the total value of linen exports reached half [t million 
sterling. 

In 1742 ai] import duty of 2.*?. lOd. ])er web was impos(Ml 
,011 all foreign linens, and a bounty of Id. per yard, later 
increased to 5d. per yar^, on all Jlritish and Irish linens 
exported exca^eding Ls. per yard ('iicouraged tht‘, production 
of the liner fabrics. 

‘Checks and Progress.— Tlui linen timle of Trcsland was notf 
however, of uninterrupted progress, for in the year 1773 
about 30,000 people emigrated to America from Ulster alone, 
owing largely to trade being so bad. Yet statistic.s record 
that in the year 1784 the linen exports reached nearly 
25 million yards, eijual in value to al)out 41,250,000 and 
twelve years later the amount was practically double in 
(juantity and value. At this time the finest linen cambrics 
;;old at 2o guineas a web, cijual to about one guinea per vard. 

Modes of Exchange and Value : Eighteenth Century. At, 
this juncture it may be interesting to briefly c,onsidei values 
and methods of exchangi^ of the period. In the year 1776 
brown linens sold at lO^d. to 1 Id. ])er ya.rd for 8”"* (forty ends 
])er inch), The w^i^aver sold his web to a dra})er who usiuflly 
])(>ssessed a bl(‘a(;h green : the (;ost of bleaching was from 3.s‘. 
to 3.<?. 2d. per web, or 90.s-. to £5 per thirty |)i(‘ces. VV«hpii fully 
bleached the draper sent his material to London, the Linen 
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ITfill III DuLl’m, or i,(> (llK^^tor. lu Jjoiidon^ S(‘V(Mi mouths' 
cmlit was gwm, in DuUlin two to thnr uiontlis, and casli 
wlinii tli(i fabrhjs worn sold ptM'sonallv and ;it all tho local fairs 
(sec -big. 8<S). 8|)inn(‘rs paid l\d. to If/, and weavers lOf/. 
i^to l.s‘. Id. pi'r da,y. Th«‘ setts r.mged from 8 ' to 21' , and the 
prices ])a.id lor weaving weiv 8 -Jb/. ; H) . ; Id" djd. ; 

Id t)f/. ; 18 . 10=h/. : and 21 l.s-. 7b/. per yard. The 

flax: s])inmM’s weri* lr(M|n(‘ntiv eng<i.ged bv tln^ drap(‘rs at I On, 
t.o 12s‘. p(n' ([uartf'r. including board and lodging. Tlnw had 
to giiiirant (M‘ to turn otl Irom live to (‘ighl ha-uks ptM' \V(M‘k : 
iisnallv an average spmmu' could spin si\ ha.nks (d,(>00 vards 
jier hank) of 72's lea,, ij\. 72 \ 200 . 2U)0(l yards pen- lb.* 
1di(‘ vahu‘ ol this varn loi an I8 si'lTwa-s worth a|)pro,\imately 
8d. p(‘r hank, l.v per lb.. oi I l.s. Id per bundh*. Thdfast had 
two linen halls in which she conducted her exchang(‘s, viz., 
the llrowii Linen Hall m Donegall StretM, originally built by 
Lord Doiu'gall. now dismantled, and tin* W’liiti^ Linen Hall, 
originallv built b\ siib.MMiption m Donegall Scpiare, but now’ 
rejilaced by tin* magniticeiit (Iit\ Hall. 

Flax Cultivation, Hai'vesting, and Preparation. The flax 
plant is an annual and must, ihcrelore. be culti\<i(ed . its 
natural teiideiicv is to jiroduce seed which inav b<‘ used for 
subse(pient sowing or harxested lor b‘etling purpos(‘s oulv, 
Init. the market retpnres it chielly for tin* libn*. The s(‘ed of* 
this jilant, for libre puipos(‘S, must, therelonx be caridully 
S(*l(H*.te,d and sown sufliciently proluse to ensui’e that the plant 
will grow uj) solitarx, en*ct, and elegant m appearance, each 
])ie(a‘ terminating m a blu(‘ or wh.ite flower, which eviaitually 
develojis info fruit bolls (umtamiug ten s(‘eds. 

The flax ])la.nl, is made up of three parts : th(‘ skin, the 
fibres, aiur tin*, pitli or wood. 

The fibres a, re fotmd in (Concentric lay(‘rs external to the pith 
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or wood, with which they are held in aggregate bundles by 
an adhesive or gummy substance- more correctly described as 
a compound - which may siibsexpiently be dissolved 

by a jnocess denominated retting, after which the fibre readily 
peels off if subjected to a beating process known as scutching. ^ 

The scutclu‘d flax is the raw material to the flax spinner. 
In this natural form it a]>])ears to be very long in fibn*, but 
this length is only artificial, because the unit fibr(‘s are only 
about n to 2 inches long. They are held together*iu their 
natural and commercial state by tlu^ sanie ]>ectinous c(>m])ound 
which binds the fibres to the stem of the plant. 

• The unit or ultimati^ flax fibre is fine and strong, inelaslic, 
but most durable. It is*(5a.pab1e of being spun into a wide 
range of yarn numbers and sorts. Woven or knitted falu'ics 
njade from flax yarns are charact(‘ri/ed by th(‘ir propensity 
to absorb and readily give off moisture. Thi'y ])ossess hygienic? 
ju’operties par ejvellenre, and should conse<|Uently be fre- 
(juently worn next to the skin. They are easy to wash and 
their characteristics clean a])f)earauc.e is always an inspiration. 

The flax [)lant will grow in almost any climate and soil. 
Th(‘ soil must b(^ well ])re])ared by ]:)ioughing and harrowing 
until a very fim‘ tilth is actjuired. A temperat(‘ and eipiable 
climate, free from heavy rains, frost or snow, is usually con- 
*si(lered the most suitable for the cultivation of flax. In many 
countries the flax-growing districts are significantly adjacumt 
to the sea. 

Tn the British Tsl(‘s the flax seed is sown from about April Ist 
to May Ifith. The crop is usually ready for jmlling in about 
twelve, or thirteen weeks from the date' of sowing. If there 
are many weeds in the growing crop they should always be 
pulled out by hand, when the young plants are 2, 3 or 4 indies 
high, because a flax crop must always be clean. 
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The youui' plants begin to bloom towards the end of June 
in the Britisli Isles, and then the whole ero]) ]>resents a mass 
of beautiful blue flowiTs. During the flowering period the 
])lants shoot up raj>idly, and add about 1 inch to their height 
every day. As soon as the flowers begin to fall the plant 
e(iiis(*s to grow in length, but the s(‘ed liolls make tlu'ir appear- 
ance and continue d(‘V(‘lo])ing until tluw are globular in shape. 
At tirs^the seed is milky and whit (“ looking, but gradually it 
soliditi(‘s and ])asse.s from whit(“ through pale given to a 
brownish tint, at which fieriod th(“ flax is ready for pulling. 

From time imni(*morial it has Imm'u th(‘ pra(‘tie(* to pull flax 
U]) by lh(‘ root and by hand, whi(*h, though siiujile and easy 
to I(‘arn, is slow and exjKmsive. 

At tlH‘. jiresent time numerous flax-pulling machines have 
been introduced : th(“se are still in their (“xpcTinieutal stage, 
but (‘vi(l(‘nc(‘s aT(‘ not wanting that in sonu‘ instances tln^ 
fundanu'ntal princijdi's of nu'chanism have been (‘stablished 
and only improvements m details await solution. 

If the llax ]>lants have b(‘en ]»ulled ioi <he twolold purpose 
of saving th(“ seed for subs(‘(pu‘nt sowings or ftHMling ])urpos(\s, 
in addition to securing its tibiv, tium the flax stiaw must be 
dried and de-se(*ded before anything further can b(‘ don(‘, to 
remov(‘ the flax fibre from the plant. 

The remova.1 of the fibivs of the flax jilant involves thr<»e. 
distinct op(*rations ; (1) Retting. (2) drying, and (.)) scutching. 

Tlu‘ obji'ct of Mtimf is to decompose hy Jrmrniafkw tlui 
peidinous com]>ounds which bind the tibivs to the stem, 
^lere an- numerous methods of retting ado])ted at the jiresent 
time; tlu-se include ste(*])ing tin* flax straw in jionds of 
stagnant^ water or in sluggish rivers, in conente or wooden 
tanks. *The l.ys at Courtrai is a typical e.xample of such a 
riv(-i. Jiettiug is sometimes done in open fields by exposing the 
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flax to the dew, T,aiii, snow, cold and heat, all of which factorsi 
condjine to loosen the fi})re from th(^ stem. This is denominated 
“ dew retting,” and the process occiif)ies a])out six we<^ks. 

Pond retting recjuires from tight to sixteen davs. according 
to the softness and temp<‘Tatiire of tin* wat(‘r. Warm water 
retting in tanks usually occupies from live to sevtui days. 

When the flax is judged to ]>e sultichmtly rt'tted it is takeTi 
out of the water and evenly spread orgaittd in tin* litids until 
it is thoroughly dry. Tin' dry netted flax is lU'xt. and finally, 
subjected to an o])eration technically denominat(‘d 
This operation is inten(h‘d to break tlu* ])ith or woodi'n matter 
in the straw by passing it b<‘tw(‘en a seri(‘s of tinted rolhu's. 
Subsequently the bruised %tra\v is subject(‘d to the beating 
action of a series of rotating woodtm blades si'curtiy mounted 
on a steel shaft, which may be drivam bv hand. \vat(‘r or anv 
form of mechanical pow(‘r. 

The yi(id of scutched flax to dry rett(?d straw x'arh^s \'erv 
much, and tliis may be due t(» on(‘ or many causes. The 
following are a few to pical yi(‘lds s(‘l(*ct<*d from |)ractic(^ : — 

(1) Fresh ])ulled flax straw per statut(‘, acre,, 4 to 5 tons; 
dry retted flax straw p(*,r statut(‘ acre, 25 to 2f) cwt. ; av(‘rag(‘ 
yield of scutched flax ])er statute a(we, 52 to 50 stones. 

(2) Six hundred })ounds of dry r(‘tt(‘d straw yielded 120 lbs. 
of scutched flax, 30 lbs of re-scutched tow. 

(3) A farmer in Ireland in 1910 .sowed 2 bush(‘ls of flax seed, 
from which he secured 47 stoiu's of scutcflied flax, which was 
graded by tlu^ Government graders as No. 2 (piality. 

(4) The average pre-war return in Ireland was appioxi- 
mately 30 stones per statute acre. 

Spinning and Weaving by Machinery. The introduction 
of spinning and weaving by power, though difficult* at first, 
gradually displaced to a considerable extent the hand mefbod, 
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and also centralised the work in mills and factories. The 
spinning of flax by machinery was attempted in Great 
Britain fully a decade i)revious to any similar experiment 
in Ireland, notwithstanding that the latter country had 
acquired a considerable reputation for flax spinning. At^ 
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first it was only possible to produce b} machinery the 
coarser and lower dry spun numbers of yarn. The first 
machines for this purpose were started in Cork, and later 
at Ballymena and Crumlin, in county Antrim, about the 
year 1787. The Irish Linen Board, which at that time 
was still in existence, sought to encourage the Enterprise 
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by oft'erinfT pe)- to tbc owiioj-s of all mills 

who introduced tlie ])ower method, and by the year 1810 
there were 0,RG<) spindles at work. The hand-spinninpj 
method for the finer yarns would, in all probability, have 
^continued to this day but for the discovery of the wet- 
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fipiniiiiig process i.,y I’liilip dc (icnud, ol I'rance, alwiit 
the year 182h. * This process was siilisequently and suecess- 
fully applie<l by Marshalls of Leeds, Baxter of Dundee, 
Mulholland ol Belfast, and Miirland of Castlewellan. In 
the year 1828 Messrs. Murland started the enterpnse, and 
in. the year following Messrs. Mulliolland, now the York 


Sirwfc Flax Si)iiniin^ :\I ills, Belfast, adopted the lie, w pro- 
cess, whereby it becauic possible, with the use of hot water, 
to soften the giiraniy matter which holds the llax fibres 
together, and reduce them to their ultimate length and 
linem'hs, and so to draw and s]>in them into yarn of a 
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much greater length and lineness ihtin by the (lry-^[)inning 
[trocess. l;ndoul)le(lly the discovery and practical applica- 
tion of same thoi’oiighly revolutionised the spinning, g^id 
({veiitually exerted an immense inllmmcf^ ov('r tin* weaving, 
by causing a gi’eater demand for powei’ looms^ Ireland 
now began more rapidly tliaii ever to ac<piire the lead oVer 
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foreign linen-producing countries in the markets of the 
world ; and llelfast, the centre of the Irish linen trade, not 
only maintained, but increased her proud position among 
the manufacturing centres, whilst to-day she ranks as both 



pui. ‘J’Jl.- Ulax drying. — Stack aftoi rettiiiii. 
rroin (1 j>hoioiir<ii>li hj A. F. Fitrhrr. 

Ihe incli.slrial capital „1 iHaaial a.ul ll.c „».i,n>polis tl.o 

\v<ii'ld's liiu',11 iiiiliihtrial coiiln's. 

Statistics do not slunv an v coiisidcraliU' adoption of power 
loom's prior to IHoO. but tlie. folloviinn abbreviated table 
will give some idea of tl.e development in the spinning and 
weaWng of linen tbrouglumt (be country since the advent 

of.machiliery. - 
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1 Xmiihn (>l Spiii(ll(“« 111 I Niiiiilici ol I’dwi't’ 

IS-ll 200,000 — 

1 800 320.000 08 

180() 007,080 1,871 

18()() 770,814 10,804 

1870 I 021.817 20,102 

1000 . SI3,0;;i . 32,2 lO 

1000 I 800,110 ' 01,723 

1007 I 000,000 30,380 

1008 I 013,123 30,380 

IVO.. 1010 i 030,732 30,022 


Tlu‘ followiim (‘oiii])ar3ti\ 

e lat<‘s1 pr(‘ war 

(dlieial returns of 

spindles and power luoi^s 

engaged in the 

linen indiistrv in 

the United Kingdom and 

on (he (smtinent will im doiild 

he interesting : — 

( 'Diint 1 \ 

x'iMun*t ()i 

1 Xliiiilit I (•! I'liwci 



j 1 noiiis 

Ireland 

03‘r732 

30,022 

Kruiice 

010,107 

I8.0S3 

Sfotlniul 

100,080 

17,18.*, 

lO'iiimny . 

32 *> 000 

7,0 .*,7 

llUsSlll 

300,000 

7,312 

KiiLrluiid and WaO's . 

40 on 

■1.121 

Italy. 

' 77.000 

3,. *,00 

lielgiuiii 

‘280,000 

3,100 

Austria- liuntrjjry 

20-1.000 

■i.i)', 1 

Llullaiid 

8,000 

1,200 

Spain 


1,000 

Norway and Sweden . 


loi; 

‘■'Total for Europe . 

1,820, 1‘l7 

1 13,810 

,, United Ivinyrduin 

1.120,020 

I 00,000 

i 

^ Ulax and lu-nip. 

■’ E\etuHl^ 

e nt the U, K.e 


The volnino of linen yarn exported from the United 
Kingdom in lUUG reached the enormous /total , of 
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14,975,500 11)8., hearing a monetary value, of £1,008,881. 
Ill the year 1840 the respective totals were 28,734,212 lbs. 
and 11,970,830, from which date there has been a gradual 
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d*'line as far as ynni ex]K)iled was couceriied, but an 
ever-incrensing demand for home productions. 4'he average 
annual "fniporls of linen yarn into the United Kingdom 

B ii 2 
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during the last (Jeeade reached 26,811,B‘29 lbs. of declared 
value ;ii038,426. These yarns are chiefly of the lower 
nuinbers. The linen (foods of all kinds exported for the year 
1!)0(1 amounted in value to £‘5,320,744, whilst the total value 
of linen yarns. thiH'ads, and piece goods reached i'0,341,216, 



Eic. 04. - In.sido an Jris'b St'ulchin«; Mill. 
o /tliiil(Mir(ti>l> f>if A. /*'. lidvhn'. 


These suiniiiarised Hoard of Trade returns, together 
with the large amount of linen used for home consump- 
tion, added to the fact that nearly 300,000 people in Gi«at 
Britain and Ireland are t5xclusively engaged in the growth 
of flax, the preparation and spinning of long vegeUi>Ie fibres 
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(Hax, hemp, and jnte), the manufacture and merchantin/^ 
of linen yarns and fabrics, will afford some idea of the com- 
mercial importance to which this industry has now attaiiu'd. 

Linen Varieties. — The varieties of fabrics made from _//n,/’ 
in respect to structure, desifijn, quality, and finish is mucli 



f^reater to-day than formerly, 'fhese include ])lains, ducks, 
hollands, lawns, sheer lawns, cambrics, handkerchiefs 
dress linens, and unions in an ever-increasing novelty, 
vestings, glaj?l? cloths, diills and diapers, huckabacks, honey- 
comb and Turkish towels, d’oylcys, na])kiiis, and damasks. 
'Uio world -renowned cambrics were first made at Cambrai, 
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in France, anti llie same country was famous for the 
initiation anti manufacture of lawns, while the town of 
Ypres, in l^elgium, became noted for the manufacture of 
linen known as diaper— cloth de Ypres — and “holland” 
received its name thiough having been first manufactured| 
by the Dutch setilers in Ireland. Napkins were introduced 
for wiping the liands, being all tlie more nectissarv owing 
to the lack of knives and forks at the time. For long 
periods these and otlier standard fabrics liave been and 
probably will continue to be made, but the time has ^om^ 
wlien the demand rinis on one particular make or type 
ftf cloth to the exclusion of every other, which necessarily 
involves that the manufacturer who woukl succeed must 
learn to adapt himself to modern ideas and ever-clianging 
fashions. No linen or other manufacturer can afford to 
stand still : to do so would be to drop out. In conclusion 
every manufacturing industry which is to obtain and main- 
tain a position in the commercial world worthy of tin* 
name must seek to educate its workpeojde by giving them 
a progressive course of instruction in the scifuitihc and 
teclinical princijdes underlying their trade ; for success now 
depends on scientilic knowledge, research, and an intimate 
ac<]uaiiuance with llie inventions, the ex])eriments, the 
Jiiccesses amt the failures of others : and whether our nation 
does or does not j)rovide t‘very facility in this direction, 
we may rest assured that textile i)ro(luciion will continue 
its progressive course, and will be led by those who have 
made themselves capable of leading by adapted thought 
and knowledge, comluned with enlightened energy, wdiich 
directs its force to meet the vast and varied requirement’s 
of the world. 



(ilTAPTEE XVTTI 

DEVKl.OPMKNTS AND THE KDTURE OV THE TEXTILE 
IXDUSTTUES 

Ai;nf^)r(Hi iicailv all tlio emplovcd in textile' 

iHaclini(‘i‘v \\i‘\v um‘, sa.v, lev 1X50. still with \vha.t nuiv 
1)(‘ iTinu'il the nfmed orj^auizatioii of the twe'iitieth eeiitury 
ihe'fe have* [,reiK ;nnl a.])])ar(‘iitlv tluTc will a.l\va.\s ]k‘, oppor- 
iHuities lor the iinprove*in<‘i)t in ^o-(‘all(‘d “ (h'tails/’ whiefi 
(h'tails are neve'it heh'ss so impoitaid that the status of the 
wKoh' nid\i>trN luaN dcpeaid upon them. 

( 1 ) Buildings. -Maiiv iinprovenu'ids are to 1 k' not(‘d in 
nio(h‘rn mill luiildings when eoinpare'd with similar buildings 
ol. Ni\’. tW(‘!Hvlv(‘ v<‘ars ago. With the* materials best 
available' brick, stone or leinloic.ed (umc 'te— mills are now 
designed to g)\(' ieh'al conditions lor working. 'I'Ik' w-alls ma\ 
be readilv elea.ned. and the floors are nol only d- --igned for 
('h'anhness. but also !<• 'fatigue tiu' workeas as little a,s possible- 
ami tee ele-adeii neeise- Keeeels are so desiglieel that, while' 
peiiVe'tlv stable*, a nia\nmiin of light — other than dire-et stii]- 
jj^lp oblame-el. The* spans are* see de'signeTl that lew’ pillars 
are' ne*e:essa,rv. but a ] era.* 't legally eepen spa.oe' preivieh'd. into W'hich 
the* numhiiie'rv mav be* planned at will. In storie-d buildings 
it is neew jeeessible* to eebtam sue'h strength e^eembined with light 
smuthre* tli^ii t lie* reeeenis maybe mnsieh*re*el as alnmst open to 
-the light all reeunel. aiiel ve*t suedi a null, leeiir eer five storie's 
high, witf carry w ith safety a reee>l-tank heeldmg tons of water. 



(2) Power, etc., Equipment.— The indirect a.d vantages of 
electric driving are such that not only are almost all new mills 
electrically driven, but many old mills are being electrified. 
The question of unit ’’ or “ grou|> ” driving is usually 
d('eid(*d according to the particular machinery to be driven 
In SOUK* few smaller mills, suction gas jdants are provipg 
satisfa(^t()ry. Almost without exce])tion hot water or steam, 
for lu'ating ])urposes or for us(‘, in certain })rocesses, is a 
necessity. The suction gas ]>lant will provide about 10 ])er 
cent, of the steam re([uired for heating weaving sheds, J)ut 
in electrically driven mills hot wat(T or 8t(‘am must/ be 
kidcp(‘n(lently provi(h‘d. 

A good water su})])ly is almost invariably re([uired. and 
if the wat('r is hard some softiaiing system must be a.do])t(Hi. 
The Permutit. ])roc(‘ss seems to dominate for this purpose. 

Improvements in incandescent electric globes hav(* been so 
marked that it would seem that (h'ctric lighting is more than 
holding its own. There is still usually room for improveanmit 
in the arrangcMiient and distribution of light inmost buildings 
intensiiy of liglil is only half the ])robIem. 

In England the atmosphere is correct for spinning during 
the major part of the year, but heat and moisture are so 
important that in both crdtoii and fine wool spinning it is 
found advantageous to control the atmosphere throughout 
the vear. The introduction of ozone into tlie a.ir is still uud(;r 
trial, but in many mills the controlled atmos])h(‘rc is found 
by the workers to be actually refreshing and not to lead to 
enervation later. The vexed ([uestions of temj^uature and 
moisture in dealing with certain materials are^ still matters 
of debate when th(‘ li(*.alth of the ojauative, as well as the 
successful working of the material, is taken into acauint. 
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(:$) DefaUs of Arrangement. Material \n being more and 
more aiitoniatioally nontrolled. Thus, pneuiuatio conveyors 
may be arrauj^ed to eany wool efficiently for, say, ],()()() feet. 
Such conveyors slioiild la*, so ari'an^ed that, they may be 
^tborouj]fhly cleaiual btdore (ffian^in^ from one Idtmd (say black) 
to^anoth(‘i‘ hhaal (sav white). For lh(‘ eouveyanet^ of heavy 
articles- " workt'Ps Irom tlu^ '‘e.ard’’ for j^rinding, loom 
beams Irom tlie dressmji^-room to any loom, etc. — overhead 
rails a.re now almost invariably introduced. 

(1^ Improvements in Special Machines, lifdimanents in 
filling, to take the ])lac(‘ of tb(‘ Oontimaital intersecting gill- 
box, }iav(‘ been inti’oduced by \b‘^srs. Prince, Smith & Son.^ 
wb()s(‘ 0 P.S. gill-hox gives e.xc^hmt control over short 
mab^rial. Automatic doffing machim^s for tivfM* and cap 
frames are still being twolved and. with the siippression of th(‘ 
“ half-tim(*r," will soon be well-nigh universal. In warping 
and dressing tln^ waip(*rs' beam system is ousting all other 
syst(uns. In w(‘aving no advances are to b<‘ noted, fiossibly 
owing to th(‘ fashion for plain iabrie.s. No ^'^peeia.l methods ot 
designing have made good, bnt a revival of tie ligured trade 
might l(‘ud to fuitber ond(^avonrh in this direction. 

In hnishhig t1u‘ Moser raising machine is now designed to 
raise or bind-in the ])ile d(‘veloped. 

(o) Automatic Machines. Tliere has been a marked ten* 
demw to introduce automatic machinery in both the cotton 
and wool industries Not only are automatic looms in 
evidence, but also automatic, drawtus-iii, automatic ty(*.rs-in, 
lUKl aiil.miiitic I.MSC-pic.k.'is are in daily ii^^e. Automatic 
m’hinery iM^teii slowl\ i nn. and sometimes is nm for bonrs 
witlioiit any atteiidanis. thus economizing production. 

.(li) Pr<j«ess Improvements. -For special work certain 
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inipr()V(Mnents are to he noted. For fine wool yarns tln^ 
sorting room is now arranged for double sorting. ]Vrba])s tin* 
most- interesting development to bt* noted is the melanging of 
}h)tanv toj)S to j)ro(liice the finest possible wool mixt-iiro 
(melange) yarns. The (Tcrmaiis led in this in 191 1, and nnl(‘s:^ 
()tln*r iminufaeturers follow this lead they will be left beljind 
in (‘Ifieiency of produetion tln‘re is no eomf)arison Ix'tween 
ordinary fibre mixtures and to])-ti]\ted “melange” style.s 
frojn the ))()int of view of “ lev(*lness.” 

(7) Testing and Research.— Most mills jire now de\'(doping 
testing laboratories, and some of the largest factori(‘s private* 
iirest*arch laboratoihts also. (Jenerally speaking, h()weV(‘r, each ^ 
scetion of an industry — thff Fine Cot ton Spinners, tor exam])le 
is dcvelo]>iiig a federation res(‘<arch laboratory, or the w^lio e 
industry— the woollen and worst(‘d. for exam|>h* is uniting 
for this purpose. Kvseareh will always find a place in tlu* 
technic’al universities, esp(‘eially w'hen l)ased upon the lunda- 
mental sciences, but th(‘re seems to be a us('lul held lor such 
a.n association as the Ib'itish lb*search Association for the. 
Woollen and Worsted Industries, and also for the closely allied 
Cotton and Silk Kesearch Associa-tions. Tin* cotton industry 
has also its Cotton Crow'ing Association, whi(*h, it is hoped, will 
serve to »)romote tin* growing of cotton in tin* British colonies. 

, (S) Scientific Management. Tin* more, careful study of the 
worker along with his or her ])hysica.l, moral, and jesthetical 
surroundings, is a feature in the developnu'iits of the j>a.st ten 
years to be specially iifited. Machines are now' mon* earelully 
adjusted to the workers ; the activity of the work is so directed 
that the greatest production with the least exerlfion is ensued ; 
and hours of labour are carefully considered. Welfare w'orK 
is making much progi^^ss and, when offered in the spirit 
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and accepted in ilie spirit, tends inattnially towards 

cfticiency in the l)road(‘st sense of tin* term. Industrial 
councils, establisli(‘d uiuU'r tin* Wiitlev Act, are leading to 
tlie better’ ])sy(diolo^ical understanding of ein])l()yees by tli(‘ 
employers and, conversely, of tlu^ enifdoyers by the em]>loyees. 
llltimately it mav lx* possible* to so raise* the status eif the* mill 
weirkers that lie* eii- slie^ may be TVgarel(*d with envy rather 
than le)oke*el ele»\\n u])e)n as an outcast Ireiin society : aiiel iieit 
the* le*asT inelicatie)!! of a me)\e* in tins eliree‘tie)ii is the im[)re)ve‘- 
ment in weune*!! ^ dn‘ss white* she)e*s anel stockinj^s and well- 
cut, nice'lv colour(*el elr«*ss(*s are alre*aely in e*viele'nce in many 
lacteiries, anel are by no me‘ans te» be cemeleinne‘el. Men se) tar 
are not slmwinir such an aelvance* iff tlie*ir attire* and status as 
are weuuen. 

(9) Industrial Economics. The comple\itie*s prevailin^^ 
in the', industrial we)iid have bee*n much in eviele*neu* threHi^henit 
the* war and ('speciallv elurin^ the jieist-war pe*riod. Tei the* 
outsieler meist eif the* j)rme*.i])le*s ol our eceuioniie's se'e'in to luive* 
b<*e*n breiuejlit into <|ue*stie)n, but with the ele*\‘ ' >]une‘nt eil sue‘h 
an associatieui as the Workers Educational Association anel the*, 
Ix'tte'r eelueaition eif the* cenitredlers eif inelustrv in eiur te‘e‘hnic.al 
uni\ e*!',''!! ie*s, it se*e*ms likelv that the luiielame'iitals eil inelustrial 
etlie'i(*ncv anel eth*e-t ive*ne,ss may ultimately be* meuv, fully 
imeler^looel .md acte*el eui A rise in wa^^e's was obviemsly 
lemiz ovcrelue*, but the* maintenanea* of anythin^f approximating^ 
te) the* prcse*nt le've*l will bv no me*ans be an easy matter imh'.ss 
eniple)Vt*,r anel employee* alike iralize that elliciemc.y is the* 
key te) succe'^s. And this e'lticiency is now dc])emde,nt upon 
seimedhiiur ^te e)Utsiele eirelmary Ce)mpe*titie)n. hrerni any 
Triven mate-rial nothm.ij but the best result will serve ; and to 
attain seaeiuv aiui te*clmology must be made the hand- 
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maidens of industry, France and Germany already know 
how to ensure this. The Anglo-Saxon, being more practical, 
has ])laeed his faith in “ driving force ” ; but he is learning 
better, and it may be that by his efficiently organized universi- 
ties and technical colleges he may ultimately learn how to^ 
introduce “scientific method” into his activities without 
losing his “ driving force.” The future is to those f>eo]>le8 
who consider their work worthy of careful thought and natient 
study. 
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